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(57) An optical network includes links and nodes. In 
each node, a control section sets an optical path to be 

used for optical transport. A switching section performs 
switching of the optical path, in the control section, a linl< 
observation section observes the wavelength of signal 
light that is being transmitted through a link connected 
to the node as the utilization of the link. A flooding sec- 
tion notifies each of the remaining nodes of the link uti- 
lization and acquires a link utilization observed by each 


of the remaining nodes so as to share the link utilization 
between the nodes. An optical path calculation section 
selects the optical path to be used for optical transport 
by calculation using the link utilization observed by the 
link observation section and the link utilization observed 
by each of the remaining nodes. An optical path setting 
section sets the optical path selected by the optical path 
calculation section to the optical path to be used for op- 
tical transport. 
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Description 

Background of the Invention 

[0001 ] The present Invention relates to a node having s 
a wavelength conversion capability or regeneration, re- 
shaping and retiming capability, and an optical network 
and optical cross-connect apparatus which set an opti- 
cal-path routing in accordance with the layout of nodes 
having these capabilities. The present invention also re- io 
lates to a photonic-IP network and node which imple- 
ment an integrated network of a high-capacity optical 
path network implemented by the optical cross-connect 
apparatus and a packet or cell transport network imple- 
mented by a layer 2/3 switch such as an IP router. is 
[0002] In an optical network using an optical fiber as 
a transmission medium, each node has a wavelength 
conversion capability or regeneration, reshaping and 
retiming capability The wavelength of signal light is con- 
verted or the waveform of signal light is reshaped, as 20 
needed, to execute transmission. When all nodes have 
the wavelength conversion capability or regeneration, 
reshaping and retiming capability, the degree of free- 
dom for optical-path routing increases. However, the 
cost of the entire optical network also Increases be- 25 
cause a wavelength converter or regeneration, reshap- 
ing and retiming device is expensive. A method of form- 
ing an optical network using minimum necessary wave- 
length converters or regeneration, reshaping and retim- 
ing devices has been studied. 30 
[0003] Fig. 66 shows the overall arrangement of a 
conventional optical network. This optical network has 
nodes 501 A, 501 B, 501 C, and 501 D each formed from 
an optical cross-connect apparatus, and links 502A, 
5028, 502C, and 502D which are placed among the 35 
nodes 501 A to 501 D and transmit signal light by wave- 
length multiplexing. The optical paths that connect the 
nodes 501 A to 501 D are specified by the links 502A to 
502D and wavelengths to be used. For example, an op- 
tical path 503 which connects the node 501 A to the node -fo 
501 C is formed by connecting a wavelength X^ of the 
link 502A to a wavelength X2 of the link 5028. If the 
wavelength A.1 is different from the wavelength X2, the 
node 501 B must convert the wavelength of a transmis- 
sion signal input from the link 502A from X.1 Into X2 and 45 
output the signal to the link 5028. To avoid this wave- 
length conversion, an optical path for which the wave- 
length X^ equals the wavelength X2 is preferably as- 
signed. 

[0004] In the conventional optical network, a central- so 
ized control apparatus 504 which is used by a network 
operator to manage the optical network is used to set 
an optical path. More specifically, the nodes 501 A to 
501 D notify the centralized control apparatus 504 of the 
status information of each of the wavelengths of the links ss 
502A to 502D connected to the nodes. Upon receiving 
an optical path setting request from the network opera- 
tor, the centralized control apparatus 504 refers the re- 


ported status Information of the links 502A to 502D, cal- 
culates the optical paths between the nodes 501 A to 
501 D, and transmits control signals representing the 
calculation results to the nodes 501 A to 501 D. The 
nodes 501 A to 501 D set optical paths connected to them 
on the basis of the received control signals. 
[0005] However, when the centralized control appa- 
ratus 504 is used, the network operator must set, in the 
centralized control apparatus 504, changes such as an 
increase in number of nodes in the optical network or 
addition or deletion of a node. This increases the load 
on the network operator, in addition, no optical paths 
can be set until the above-described changes are set in 
the centralized control apparatus 504. Hence, even 
when an optical path setting request is received, it may 
be impossible to quickly set the optical paths. Further- 
more, to suppress the number of wavelength converters 
in the nodes of the optical network minimumly, the cen- 
tralized control apparatus 504 must recognize the nodes 
having the devices and their utilization and select the 
routes and wavelengths of optical paths while prevent- 
ing use of excess wavelength converters and regener- 
ation, reshaping and retiming devices. 
[0006] Similarly, to suppress the number of network 
elements of regeneration, reshaping and retiming devic- 
es to be installed in the optical network, regeneration, 
reshaping and retiming of all optical paths must not be 
executed In a specific regenerator section. Instead, for 
optical paths with little degradation in signal-to-noise ra- 
tio or Q value, the length Interval of regeneration, re- 
shaping and retiming spacing must be flexibly increased 
(e.g., reference: N.S. Bergano, "Margin Measurements 
in Optical Amplifier", IEEE Photonics Letter, vol. 5, p. 
304, 1993). Normally, the degradation in quality of an 
optical path largely varies depending on the type of op- 
tical fiber and the band of the optical path to be accom- 
modated. This is not only due to differences In chromatic 
dispersion, higher-order chromatic dispersion, and po- 
larization dispersion based on the type of installed opti- 
cal fiber but also due to differences in effects of nonlin- 
ear refraction such as a fourwave mixing effect, self- 
phase modulation effect, and cross-phase modulation 
effect. The distance between necessary regeneration, 
reshaping and retiming devices must be largely in- 
creased by appropriately using the above characteris- 
tics and appropriately selecting the fiber link to be ac- 
commodated or wavelength band. 
[0007] On the other hand, along with an increase in 
data communication traffic in the Internet or the like, a 
node device having a throughput of 10 to 100 Tbit/s or 
more will be introduced in the near future. A mainstream 
communication protocol in the Internet is TCP/IP proto- 
col. The IP protocol basically has a function of segment- 
ing communication data into packets and a function of 
assigning a transmission source address and transmis- 
sion destination address to each of the segmented 
packet. The protocol provides a so-called best effort 
service without any quality guarantee. However, as the 
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Internet becomes popular, the user side requires tlie In- 
ternet to have a capability of transmitting high-quality 
real-time data such as image data or audio data. 
[0008] Internet service providers are also being 
pressed to provide high-quality Internet services while 
coping with a rapid increase in communication traffic 
that is said to double in a half year. As shown in Fig. 67, 
in the current IP networl< (packet/cell transport network), 
an IP router network that is overlaid on an SDH path or 
optical path network is provided. Resource manage- 
ment for the respective layers is executed by individual 
control systems. 

[0009] Referring to Fig. 67, reference numeral 600 de- 
notes a packet/cell switch (PSC: Packet Switch Capa- 
ble) that executes routing processing for each IP packet; 
601 , an optical switch (LSC: Lambda Switch Capable) 
which executes routing processing for each optical path; 
and 602, a fiber link which connects the optical switches 
601 . In the network shown in Fig. 67, a multi-layer net- 
work is formed by a packet/cell transport network includ- 
ing the packet/cell switches 600 and optical paths and 
a fiber link that accommodates the optical switches 601 
and optical paths. The packet/cell switches 600 which 
process the TCP/IP protocol as the main communica- 
tion protocol In the Internet and the optical switches 601 
which execute routing processing of optical paths oper- 
ate in cooperation with each other whereby a network 
having a high-capacity transport capability is imple- 
mented. 

[0010] As described above, in the current IP network, 
an IP router network that is overlaid on an SDH path or 
optical path network is provided. Resource manage- 
ment for the respective layers Is executed by individual 
control systems. Hence, the traffic accommodation de- 
sign is also done for each layer. As a result, the required 
network resource becomes redundant. In addition, no 
high-speed service providing can be ensured. 
[001 1] As a means for solving these problems, a con- 
cept called Generalized Multi-Protocol Label Switching 
(GMPLS) (reference: E. Mannnie, IETF Internet Draft 
"Generalized Multi-Protocol Label Switching (GMPLS) 
Architecture; draft-ietf-ccamp-gmpls-atchitecture- 
03.txt") is proposed recently. This aims to systematically 
manage node devices Implemented with different tech- 
niques such as PSC and LSC, and links that connect 
the nodes under Integrated control software that is im- 
plemented on the basis of the concept of GMPLS. More 
specifically, GMPLS aims to realize integrated-manage- 
ment on the IP network and optical network that have 
been conventionally separately managed for each layer, 
establishing a technique of quickly connecting/discon- 
necting optical paths in accordance with a change in IP 
traffic, and effectively utilizing the network resource. 
[0012] Figs. 68 to 70 show the classification of types 
of nodes and types of SC (Switching Capability) defined 
for each interface of these nodes on the basis of the 
concept of GMPLS. Fig. 68 shows a node of type 1 which 
uses an IP switching block (electrical router). Fig. 69 


shows a node of type II which uses an optical switching 
block. Fig. 70 shows a node of type III which integrates 
the IP switching block and optical switching block. A 
node 701 of type I has, as Its constituent element, an IP 

5 switch 701 -1 and also has Interfaces II , 12, 01 , and 02. 
A node 702 of type II has, as Its constituent element, an 
optical switching block 702-1 and also has the interfaces 
II, 12, 01, and 02. A node 703 of type III has, as its 
constituent elements, an IP switching block 703-1 and 

10 optical switching block 703-2. The node 703 has the in- 
terfaces II , 12, 13, 01 , 02, and 03 on the optical switch- 
ing block 703-2 side, and Interfaces 14 and 04 on the IP 
switching block 703-1 side. Referring to Figs. 68 to 70, 
the Interfaces are indicated by full circles. Each Interface 

15 is assigned an ID (identification number) as unique in- 
formation used to identify the Interface in the transport 
network. An example of the ID is an IP address. 
[001 3] Referring to Fig. 68, all the interfaces 11,12,01, 
and 02 of the node 701 have PSC (Packet Switching 

20 Capability). PSC means a switching capability which is 
switched for every packet. Referring to Fig. 69, all the 
interfaces II , 12, 01 , and 02 of the node 702 have LSC 
(Lambda Switching Capability). LSC means a switching 
capability which is switched for every wavelength. In Fig. 

25 69, a description of a physical fiber link is omitted. A 
number of interfaces having LSC belong to the port of 
one optical fiber. Logically, however, an interface is de- 
fined for each wavelength. Referring to Fig. 70, the in- 
terfaces II , 12, 13, 01 , 02, and 03 on the optical switch- 

30 ing block 703-2 side in the node 703 have PSC and LSC. 
That is, the interfaces II , 12, 13, 01 , 02, and 03 on the 
optical switching block 703-2 side in the node 703 can 
have either LSC or PSC In accordance with the connec- 
tion state of switching. Such a switching capability of an 

35 Interface is Indicated by "PSC + LSC" in Fig. 70. Refer- 
ring to Fig. 70, the Interfaces 14 and 04 on the IP switch- 
ing block 703-1 side in the node 703 have PSC because 
they are always switched by the IP switching block 
703-1. 

40 

[Photonic-IP Network] 

[0014] Fig. 71 shows a photonic-IP network using 
nodes of types I, II, and III. Referring to Fig. 71 , nodes 

45 A, E, and F are nodes of type 1. Nodes B, D, and G are 
nodes of type II. A node C Is a node of type III. Optical 
path #1 is set between an IP switching block A1 of the 
node A and an IP switching block C1 of the node C. Op- 
tical path #2 is set between the IP switching block CI of 

50 the node C and an IP switching block F1 of the node F. 
Optical path #3 is set between the IP switching block CI 
of the node C and an IP switching block El of the node 
E. Optical path #1 is terminated at the IP switching 
blocks A1 and CI . Optical path #2 Is terminated at the 

55 IP switching blocks C1 and F1 . Optical path #3 is termi- 
nated at the IP switching blocks C1 and El . Optical 
paths #1 , #2, and #3 are not terminated at IP switching 
blocks B1 , D1 , and G1 of the nodes B, D, and G where 
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only switching for each wavelength is performed. Refer- 
ring to Fig. 71 , reference symbols PF1 to PF4 denote 

fiber links. 

[0015] Fig. 72 shows the schematic arrangement of 
the conventional node 703 of type III. The node 703 has 
a control block CNT. The control block CNT has a flood- 
ing section BL1 , link state DB BL2, route calculation sec- 
tion BL3, and path setting section BL4. The switching 
capabilities unique to the interfaces II , 12, 13, 14, 01 , 02, 
03, and 04 of the node 703 are stored in the link state 
DB BL2 and advertised to the remaining nodes in the 
photonic-IP network through the flooding section BL1 
using a routing protocol such as OSPF (Open Shortest 
Path First). Each of the remaining nodes also has the 
control block CNT similar to that of the node 703 and 
advertises the switching capabilities unique to the Inter- 
faces in that node, like the node 703. The switching ca- 
pability of an interface, which is advertised from an up- 
stream node, is received by the link state DB BL2 
through the flooding section BL1 and also sent to a 
downstream node. The nodes in the network are con- 
nected and have a ring shape through a control path. 
[001 6] Accordingly, the link state DB BL2 of the node 
703 stores, as link state Information, the switching ca- 
pabilities unique to the interfaces of all nodes in the pho- 
tonic-IP network. The link state DB BL2 of each of the 
remaining nodes also stores, as link state information, 
the switching capabilities unique to the interfaces of all 
nodes in the photonic-IP network. 
[0017] In the node 703, the route calculation section 
BL3 refers to the link state information stored in the link 
state DB BL2, calculates the route from the source node 
to the destination node, and sends the calculated route 
to the path setting section BL4. On the basis of the path 
from the route calculation section BL3, the path setting 
section BL4 sets the path in the IP router 703-1 and op- 
tical switching block 703-2 and also notifies the up- 
stream and downstream nodes of the route from the 
route calculation section BL3. The upstream and down- 
stream nodes set paths in them in accordance with the 
route sent from the node 703. 
[0018] Advertising the switching capability using a 
routing protocol such as OSPF is described in reference 
1 (J. Moy, "OSPF Version 2", RFC2328, 1998), refer- 
ence 2 (R. Coltun, "The OSPF Opaque LSA Option", 
RFC2370, 1998), and reference 3 (A. Banerjee, J. 
Drake, J. P. Lang, B, Turner, K. Kompella, and Y. 
Rekhter, "Generalized IVIultiprotocol Label Switching: 
An Overview of Routing and Management Enhance- 
ments", IEEE Commun. Mag., pp. 144-150, Jan. 2001). 

[Example 1 of Optical Path Setting in Photonic-IP 

Network] 

[0019] Fig. 73 shows an example of optical path set- 
ting in the photonic-IP network. In this example, nodes 
H and K are nodes of type I, and a node J Is a type of 
node II. The node H Is defined as a source node, and 


the node K is defined as a destination node. A route is 
calculated by a control block CNT in the node H. The 
calculated route is sent to the nodes J and K through 
control paths SI and S2, thereby setting, between the 

5 nodes H and K, optical path #1 from an Interface 02 of 
the node H to an interface II of the node K through in- 
terfaces 12 and 01 of the node J. In the example shown 
in Fig. 73, setting optical path #1, the interfaces 12 and 
01 of the node J are connected using LSC. Accordingly, 

JO the interfaces 12 and 01 have no available (already 
used) switching capability. That is, no available switch- 
ing capability remains for the interfaces 12 and 01 . The 
state wherein no switching capability remains is called 
"Nothing". 

15 

[Example 2 of Optical Path Setting In Photonlc-lP 
Network] 

[0020] Fig. 74 shows another example of optical path 

20 setting in the photonic-IP network. In this example, 
nodes L, M, and N are nodes of type ill. The node L is 
defined as a source node, and the node M is defined as 
a destination node. A route Is calculated by a control 
block CNT In the node L. The calculated route is sent to 

25 the node M through a control path S1 , thereby setting, 
between the nodes L and M, optical paths #1 and #2. 
More specifically, optical path #1 from an output port 
Pouti of an IP switching block LI of the node L to an 
input port Pint of an IP switching block Ml of the node 

30 M through an interface 01 of an optical switching block 
L2 of the node L and an interface 1 1 of an optical switch- 
ing block M2 of the node M and optical path #2 from an 
output port Pout2 of the IP switching block LI of the node 
L to an input port Pin2 of the IP switching block Ml of 

35 the node M through an Interface 03 of the optical switch- 
ing block L2 of the node L and an interface 13 of the 
optical switching block M2 of the node M are set. In ad- 
dition, the node M is defined as a source node, and a 
downstream node (not shown) is defined as a destina- 

40 tion node. A route is calculated by the control block CNT 
in the node M. The calculated route is sent to the node 
N through a control path S2, thereby setting, between 
the nodes M and N, optical path #3. More specifically, 
optical path #3 which is output from the output port 

45 Pout1 of the IP switching block M1 of the node M to the 
interface 13 of an optical switching block N2 of the node 
N through the interface 03 of the optical switching block 
M2 of the node M and output from the interface 03 of 
the optical switching block N2 is set. 

50 [0021] In the example shown in Fig. 74, in setting op- 
tical path #1, the interface 01 of the optical switching 
block L2 of the node L is connected to the output port 
Pouti of the IP switching block LI using LSC. The in- 
terface II of the optical switching block M2 of the node 

55 M is connected to the input port Pin1 of the IP switching 
block M1 using LSC. In setting optical path #2, the in- 
terface 03 of the optical switching block L2 of the node 
L is connected to the output port Pout2 of the IP swltch- 
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ing block L1 using LSC. The interface 13 of the optical 
switching block M2 of the node M is connected to the 
input port Pin2 of the IP switching block M1 using LSC. 
In setting optical path #3, the Interface 03 of the optical 
switching block M2 of the node M Is connected to the 
output port Pout1 of the IP switching block M1 using 
LSC. The interfaces 13 and 03 of the optical switching 
block N2 of the node N are connected using LSC. 
[0022] Accordingly, the interfaces 01 and 03 of the 
node L and the interfaces II , 13, and 03 of the node M 
have no LSC as a switching capability. Only PSC re- 
mains. The interfaces 13 and 03 of the node N have nei- 
ther LSC nor PSC and are set in the "Nothing" state. 
PSC as a switching capability which is switched for eve- 
ry packet remains when an Interface is terminated at an 
IP switching block. This capability does not remain when 
an interface is not terminated at an IP switching block, 
like the interfaces 13 and 03 of the node N, and relays 
an optical path. 

[0023] As described above, the switching capability of 
an interface changes depending on the utilization of the 
resource (interface and input/output ports) in the node. 
In the prior art, however, the utilization of the resource 
in the node is not reflected on the switching capability 
of the Interface to be advertised. Hence, when an opti- 
cal-path routing Is calculated, no appropriate path may 
be selected. In addition, setting an optical path, no ap- 
propriate optical path may be set. For example, in the 
example shown in Fig. 73, the switching capability of the 
interfaces 12 and 01 of the node J is stored as LSC in 
that node. In addition, the interfaces are advertised to 
the remaining nodes H and K as Interfaces having LSC 
as the switching capability. However, when optical path 
#1 is set, the switching capability of the interfaces 12 and 
01 of the node J is "Nothing". In this case, in the link 
state information in the nodes H, J, and K, the switching 
capability of the interfaces 12 and 01 of the node J re- 
mains LSC. For this reason, no appropriate path may 
be selected in calculating the route. In addition, no ap- 
propriate optical path may be set in settling the optical 
path. 

[0024] In the example shown in Fig. 74, the switching 
capability of the interfaces 01 and 03 of the node L is 
stored as "PSC + LSC" in that node. In addition, the in- 
terfaces are advertised to the remaining nodes M and 
N as interfaces having the switching capability "PSC + 
LSC". The switching capability of the interfaces II, 13, 
and 03 of the node W is stored as "PSC + LSC" in that 
node. In addition, the interfaces are advertised to the 
remaining nodes L and N as interfaces having the 
switching capability "PSC + LSC". The switching capa- 
bility of the interfaces II and 03 of the node N is stored 
as "PSC + LSC" in that node. In addition, the Interfaces 
are advertised to the remaining nodes L and M as inter- 
faces having the switching capability "PSC + LSC". 
[0025] However, when optical paths #1 , #2, and #3 
are set, the interfaces 01 and 03 and the interfaces II , 
13, and 03 of the node M only have PSC. The switching 


capability of the interfaces 13 and 03 of the node N is 
"Nothing". In this case, in the link state information in the 
nodes L, M, and N, the switching capability of the inter- 
faces 01 and 03 of the node L, the interfaces 11 , 13, and 

s 03 of the node M, and the Interfaces 13 and 03 of the 
node N remains "PSC + LSC". For this reason, no ap- 
propriate path may be selected in calculating the route. 
In addition, no appropriate optical path may be set in 
settling the optical path. 

10 [0026] Even when the above-described problems are 
solved, and the switching capability of each node be- 
comes clear, each node must have a more advanced 
routing capability. For example, IP traffic transport from 
the node A to the node F in Fig. 71 will be examined. In 

is the network state shown in Fig. 71 , no optical path which 
directly connects the node A to the node F is present. 
Based on the prior art, the IP traffic passes through the 
node A, node C, and node F. However, when the above- 
described technique is used, the switching capability of 

20 the nodes C and F is clear even in the node A. This 
makes it possible to set an optical path from the node A 
to the node F in accordance with an IP traffic transport 
request from the node A to the node F and transport the 
above-described traffic through this optical path. The 

25 advantage in terms of network operation cost depends 
on the amount of the IP traffic to be transported and the 
switching capability of the nodes C and F. Each node 
must have a control function of doing such determina- 
tion. 

Summary of the Invention 

[0027] The present invention has been made to solve 
the above problems, and has as its object to provide an 

3S optical network and optical cross-connect apparatus ca- 
pable of setting an optical path without using a central- 
ized control apparatus in the optical network, preventing 
any excessive use of wavelength converters and regen- 
eration, reshaping and retiming devices, and effectively 

40 utilizing the optical network resource. 

[0028] it is another object of the present invention to 
provide a photonic-iP network and node capable of 
more accurately calculating a route or setting a path by 
advertising the switching capability of each interface on 

45 which the utilization of the resource of a node is reflect- 
ed. 

[0029] In order to achieve the above objects, accord- 
ing to the present invention, there is provided an optical 
network comprising a plurality of links which transmit a 

50 plurality of signal light components having different 
wavelengths, and a plurality of nodes which are con- 
nected to each other through the links and perform 
switching of an optical path specified by the link and the 
wavelength of the transmission signal light, wherein 

55 each of the nodes comprises control means for setting 
the optical path to be used for optical transport, and 
switching means for performing switching of the optical 
path set by the control means, and the control means 
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comprises link observation means for observing a wave- 
length of signal light that is being transmitted through a 
link connected to the node as a utilization of the link, 
information exchange means for notifying each of the 
remaining nodes of the link utilization observed by the 
link observation means and acquiring a link utilization 
observed by each of the remaining nodes so as to share 
the link utilization between the nodes, optical path se- 
lection means for selecting the optical path to be used 
for optical transport by calculation using the link utiliza- 
tion observed by the link observation means and the link 
utilization observed by each of the remaining nodes, and 
optical path setting means for setting the optical path 
selected by the optical path setting means as the optical 
path to be used for optical transport. 
[0030] There is also provided an optical cross-con- 
nect apparatus comprising control means for setting an 
optical path specified by a link which transmits a plurality 
of signal light components having different wavelengths 
and the wavelength of the transmission signal light, and 
switching means for performing switching of the optical 
path set by the control means, wherein the control 
means comprises link observation means for observing 
a wavelength of signal light that is being transmitted 
through a link connected to the cross-connect apparatus 
as a utilization of the link, information exchange means 
for notifying each of the remaining nodes of the link uti- 
lization observed by the link observation means and ac- 
quiring a link utilization observed by each of the remain- 
ing nodes so as to share the link utilization between 
nodes in an optical network to which the cross-connect 
apparatus is connected, optical path selection means 
for selecting an optical path to be used for optical trans- 
port by calculation using the link utilization observed by 
the link observation means and the link utilization ob- 
served by each of the remaining nodes, and optical path 
setting means for setting the optical path selected by the 
optical path setting means to an optical path to be used 
for optical transport. 

[0031 ] in addition, there is also provided a photonlc-IP 
network having an Interface which has a switching ca- 
pability for performing switching, for each packet, of a 
path to be used for data communication through an IP 
network, and an interface which has a switching capa- 
bility for performing switching, for each wavelength of 
transmission signal light, of a path to be used for data 
communication through an optical network, comprising 
a node which switching-connects the IP network and the 
optical network, wherein the node comprises monitor 
means for monitoring the switching capability of each 
interface in the node on the basis of a utilization of a 
resource in the node, storage means for updating/stor- 
ing the switching capability obtained by the monitor 
means, and switching capability advertising means for 
advertising the switching capability to remaining nodes. 
[0032] There is also provided a node comprising an 
interface having a switching capability for performing 
switching, for each wavelength of transmission signal 


light, of a path to be used for data communication 
through an optical network, monitor means for monitor- 
ing the switching capability of each interface In the node 
on the basis of a utilization of a resource in the node, 
s storage means for updating/storing the switching capa- 
bility obtained by the monitor means, and switching ca- 
pability advertising means for advertising the switching 
capability to remaining nodes. 

10 Brief Description of the Drawings 

[0033] 

Fig. 1 is a block diagram showing the overall ar- 
'5 rangement of an optical network according to the 
present invention; 

Fig. 2 is a block diagram showing an arrangement 
of an optical cross-connect apparatus according to 
the present invention; 
20 Fig. 3 is a view showing an example of the format 
of information representing a fiber link utilization 
output from a link observation section shown in Fig. 
2; 

Fig. 4 Is a view showing another example of the for- 
25 mat of infomiation representing a fiber link utiliza- 
tion output from the link observation section shown 
in Fig. 2; 

Fig. 5 is a flow chart showing the flow of link obser- 
vation operation by the optical cross-connect appa- 
30 ratus shown In Fig. 2; 

Fig. 6 is a flow chart showing the flow of flooding 
operation by the optical cross-connect apparatus 
shown in Fig. 2; 

Fig. 7 is a flow chart showing the flow of optical path 
35 setting operation by the optical cross-connect ap- 
paratus shown in Fig. 2; 

Fig. 8 is a view showing still another example of the 
format of information representing a fiber link utili- 
zation output from the link observation section 

40 shown in Fig. 2; 

Fig. 9 is a view showing still another example of the 
format of information representing a fiber link utili- 
zation output from the link observation section 
shown in Fig. 2; 

45 Fig. 10 is a view showing still another example of 
the format of information representing a fiber link 
utilization output from the link observation section 
shown in Fig. 2; 

Fig. 11 is a view showing still another example of 
so the format of information representing a fiber link 
utilization output from the link observation section 
shown in Fig. 2; 

Fig. 12 is a view showing still another example of 
the format of information representing a fiber link 
55 utilization output from the link observation section 
shown in Fig. 2; 

Fig. 1 3 is a block diagram showing another arrange- 
ment of the optical cross-connect apparatus ac- 
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cording to the present invention; 
Fig. 1 4 is a view sliowing an arrangement of a node 
of Vne optical networl< according to the present in- 
vention; 

Fig. 1 5 is a view showing tables which are used by s 
the monitor section shown in Fig. 14 and indicate 
whether an input wavelength can be converted into 
an output wavelength; 

Fig. 1 6 is a view showing another arrangement of a 
node of the optical network according to the present io 
invention; 

Fig. 17 is a view showing tables which are used by 
the monitor section shown in Fig. 16 and indicate 
whether an input wavelength can be converted into 
an output wavelength; is 
Fig. 18 is a view showing a format to be used to 
send a wavelength converter utilization in each 
node; 

Fig. 19 is a view showing a forniat which indicates 
cost values; 20 
Fig. 20 is a view showing a format which Indicates 
the average value of cost values for each Input 
wavelength; 

Fig. 21 is a view showing an arrangement of a node 
using an advertisement section in the optical net- 25 
work according to the present Invention; 
Fig. 22 is a view showing the arrangement of a cen- 
tralized control optical network; 
Fig. 23 is a view showing a node arrangement used 
for a description of cost value calculation; so 
Fig. 24 is a view showing cost values based on the 
number of unused wavelength converters; 
Fig. 25 is a view showing cost values with respect 
to an input wavelength based on the number of un- 
used wavelength converters; ss 
Fig. 26 is a view showing the first example of routing 
of the optical network; 

Fig. 27 is a view showing the second example of 
routing of the optical network; 

Fig. 28 is a view showing the processing procedure "O 
of routing of the optical network; 
Fig. 29 is a view showing the arrangement of anoth- 
er optical network according to the present inven- 
tion; 

Fig. 30 is a view showing the arrangement of a node 4S 
shown in Fig. 29; 

Fig. 31 is an explanatory view of optical-path routing 
information managed by the node shown in Fig. 30; 
Fig. 32 is an explanatory view of degradation pa- 
rameter advertising processing executed in the so 
node shown in Fig. 30; 

Fig. 33 is an explanatory view of optical-path routing 
determination processing executed in the node 
shown in Fig. 30; 

Fig. 34 is a flow chart of a routing method executed ss 
In the node shown In Fig. 30; 
Fig. 35 is a flow chart of a shortest route setting 
processing executed in the node shown in Fig. 30; 


Fig. 36 is an explanatory view of another degrada- 
tion parameter advertising processing executed In 
the node shown in Fig. 30; 
Fig. 37 is an explanatory view of an example of set- 
ting of a wavelength band ID and signal degradation 
parameter based on the advertising processing 
shown in Fig. 36; 

Fig. 38 is an explanatory view of the example of set- 
ting of the wavelength band ID and signal degrada- 
tion parameter based on the advertising processing 
shown in Fig. 36; 

Fig. 39 is an explanatory view of another degrada- 
tion parameter advertising processing executed in 
the node shown in Fig. 30; 
Fig. 40 Is an explanatory view of a transmlttable 
condition in an optical fiber transmission system; 
Fig. 41 Is an explanatory view of still another deg- 
radation parameter advertising processing execut- 
ed in the node shown in Fig. 30; 
Fig. 42 is a view showing the outline of an embod- 
iment of a node (node having a switching capability 
monitor section) used in a photonic-IP network ac- 
cording to the present invention; 
Fig. 43 Is a view showing an example of optical path 
setting In a photonic-IP network using nodes of 
types I and II with a switching capability monitor sec- 
tion; 

Fig. 44 is a view showing an example of optical path 
setting in a photonic-IP network using nodes of type 
III with a switching capability monitor section; 
Fig. 45 is a view showing an example of optical path 
setting in the photonic-IP network so as to explain 
the solution to problem® in the example shown In 
Fig. 44; 

Fig. 46 is a view showing another example of optical 
path setting In the photonic-IP network so as to ex- 
plain the solution to problem ® in the example 
shown in Fig. 44; 

Fig. 47 is a view showing still another example of 
optical path setting in the photonic-IP network so as 
to explain the solution to problem ® in the example 
shown in Fig. 44; 

Fig. 48 is a view showing advertisement information 
advertised in the node shown In Fig. 47; 
Fig. 49 Is a view showing still another example of 
optical path setting in the photonic-IP network so as 
to explain the solution to problem ® in the example 
shown in Fig. 44; 

Fig. 50 is a view showing advertisement information 

advertised in the node shown in Fig. 49; 

Fig. 51 is a view showing an example of optical path 

setting in the photonic-IP network so as to explain 

the solution to problem® in the example shown in 

Fig. 43, which is posed in the same way as In the 

example shown in Fig. 44; 

Fig. 52 is a view showing an arrangement of a node 

used in the photonic-IP network according to the 

present Invention; 
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Fig. 53 is a view sliowing advertising processing of 
an optical path linl< state information and fiber linl< 
state information, which is performed in the node 
shown in Fig. 52; 

Fig. 54 is an explanatory view of routing processing 
executed in the node shown in Fig. 52; 
Fig. 55 is a view showing another arrangement of 
the node used in the photonic-IP network according 
to the present Invention; 

Fig. 56 is an explanatory view of route calculation 
processing executed in the node shown in Fig. 55; 
Fig. 57 Is an explanatory view of route calculation 
processing executed in the node shown in Fig. 55; 
Fig. 58 is a view showing a state table used In the 
route calculation processing shown in Fig. 57; 
Fig. 59 is a view showing a capability table used in 
the route calculation processing shown in Fig. 57; 
Fig. 60 is an explanatory view of label switch path 
setting processing executed by the photonic-IP net- 
work formed from the node shown In Fig. 55; 
Fig. 61 is a sequence chart showing the label switch 
path setting processing shown in Fig. 60; 
Fig. 62 is a view showing another arrangement of 
the node used in the photonic-IP network according 
to the present Invention; 

Fig. 63 Is a view showing still another arrangement 
of the node used in the photonic-IP network accord- 
ing to the present invention; 
Fig. 64 Is a view showing a photonic-IP network so 
as to explain the effect of the present Invention; 
Fig. 65 Is a view showing comparison In perform- 
ance between the present Invention and a prior art; 
Fig. 66 is a block diagram showing the overall ar- 
rangement of a conventional optical network; 
Fig. 67 is an explanatory view showing the arrange- 
ment of the conventional IP network; 
Fig. 68 is a view showing a node of type I used In 
the photonic-IP network; 

Fig. 69 Is a view showing a node of type II used in 
the photonic-IP network; 

Fig. 70 is a view showing a node of type III used In 
the photonic-IP network; 

Fig. 71 is a view showing a photonic-IP network us- 
ing nodes of types I, II, and III; 
Fig. 72 is a view showing the schematic arrange- 
ment of a conventional node of type III; 

Fig. 73 is a view showing an example of optical path 
setting in the photonic-IP network using convention- 
al nodes of types I and II; and 
Fig. 74 is a view showing an example of optical path 
setting in the photonic-IP network using convention- 
al nodes of type III. 

Description of the Preferred Embodiments 

[0034] The embodiments of the present invention will 
be described next with reference to the accompanying 
drawings. 


(First Embodiment) 

[0035] Fig. 1 shows the overall arrangement of an op- 
tical network according to the present invention . This op- 

5 tical network Is constructed by nodes 1A, 1B, 1C, and 
1 D each of which is formed from an optical cross-con- 
nect apparatus, and links 2A, 2B, 2C, and 2D formed 
among the nodes 1 A to 1 D to transmit an optical signal 
by wavelength multiplexing. Optical paths which con- 

10 nect the nodes 1 A to 1 D are specified by the links 2A to 
2D and wavelengths to be used. For example, an optical 
path 3 which connects the nodes 1A and 1C is formed 
by connecting a wavelength XI of the link 2A and a 
wavelength X2 of the link 2B by the node 1 B. 

15 [0036] Fig. 2 shows an arrangement of an optical 
cross-connect apparatus which acts as one of the nodes 
1A to ID. An optical cross-connect apparatus 10 is 
formed from a control section 11 and switching section 
12. The control section 11 combines a plurality of fiber 

20 links 21 to be connected to the optical cross-connect ap- 
paratus 1 0 and their wavelengths, thereby setting an op- 
tical path to be connected to the optical cross-connect 
apparatus 10. The switching section 12 executes 
switching to another node through the optical path set 

25 by the control section 11 . When the optical cross-con- 
nect apparatus 1 0 acts as one of the nodes 1 A to 1 D of 
the optical network, the bundle of fiber links 21 acts as 
the links 2A to 2B. 

[0037] The control section 1 1 comprises a link obser- 

30 vatlon section 1 3 connected to the switching section 1 2, 
a flooding section 1 4 connected to the output side of the 
link observation section 13 and also connected to the 
optical cross-connect apparatus (or flooding section) of 
another node through control channels 31 and 32, a da- 

35 ta storage section 1 5 connected to the output side of the 
link observation section 13 and the output side of the 
flooding section 14, a setting request receiving section 
1 6, an optical path calculation section 1 7 connected to 
the output side of the data storage section 1 5 and the 

40 output side of the setting request receiving section 16, 
and an optical path setting section 1 8 connected to the 
optical path calculation section 1 7, data storage section 
15, and switching section 12 and also connected to the 
optical cross-connect apparatus (or optical path setting 

45 section) of another node through a control channel 33. 
[0038] The link observation section 13 observes the 
utilizations of all the plurality of fiber links 21 connected 
to the optical cross-connect apparatus 10 for each 
wavelength. The link observation section 13 may ob- 

50 serve the utilizations of all wavelengths of the fiber links 
21 . However, when the use purpose of a specific wave- 
length is determined in advance, the utilizations of the 
limited number of wavelengths except the specific 
wavelength may be observed. 

55 [0039] The flooding section 1 4 broadcasts, to the op- 
tical cross-connect apparatuses of the remaining nodes, 
information representing the utilizations of the fiber links 
21 input from the link observation section 1 3. Hence, the 
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flooding section 14 lias a means for transmitting infor- 
mation from the link observation section 13 to an un- 
specified optical cross-connect apparatus through the 
control channel 31 , and a means for receiving, as need- 
ed, information received from an unspecified optical 
cross-connect apparatus through the control channel 32 
and transporting the information to the remaining unspe- 
cific optical cross-connect apparatuses through the con- 
trol channel 31 . The flooding section 14 acts as an in- 
formation notification means for notifying the remaining 
optical cross-connect apparatuses of information and 
an information acquisition means for acquiring informa- 
tion from the remaining optical cross-connect appara- 
tuses. 

[0040] The data storage section 1 5 stores data about 
the link state in the optical network. When information 
is input from the link observation section 13 to the data 
storage section 1 5, or information is received from an- 
other optical cross-connect apparatus through the flood- 
ing section 14, the data storage section 15 updates 
stored link state data on the basis of these pieces of 
information. 

[0041] A network operator who manages the optical 
network or the like inputs an optical path setting request 
to the setting request receiving section 16. 
[0042] When an optical path setting request is re- 
ceived, the optical path calculation section 17 calculates 
an optical path in the optical network on the basis of the 
link state data at that time. The route and wavelength of 
the optical path are selected such that wavelength con- 
version is minimized in the optical cross-connect appa- 
ratus 10 acting as a node. 

[0043] The optical path setting section 1 8 transmits 
the optical path information obtained by the optical path 
calculation section 17 to the optical cross-connect ap- 
paratus of another node through the control channel 33. 
In addition, on the basis of the optical path information, 
the optical path setting section 1 8 combines the plurality 
of fiber links 21 connected to the optical cross-connect 
apparatus 10 and their wavelengths and sets, in the 
switching section 12, an optical path to be connected to 
the optical cross-connect apparatus 1 0. 
[0044] The optical cross-connect apparatus 10 em- 
ploys a protocol based on the routing protocol of a com- 
munication network used as an Internet Protocol (IP) 
network to broadcast the link utilization in the optical net- 
work. An example of the routing protocol used as a base 
is Open Shortest Path First (OSPF) (reference 1 (J. Moy, 
"OSPF Version 2", RFC2328, 1998)). In OSPR a node 
connected to a link manages the link state and broad- 
casts it to a communication network (reference 1 and 
reference 2 (R. Coltun, "The OSPF Opaque LSA Op- 
tion", RFC2370, 1 998)). OSPF of an IP network can be 
extended to an optical layer (A. Banerjee, J. Drake, J.P. 
Lang, B. Turner, K. Kompella, and Y. Rekhter, "Gener- 
alized Multiprotocol Label Switching: An Overview of 
Routing and Management Enhancements", IEEE Com- 
mun. Mag., pp. 144-150, Jan. 2001). When this OSPF 


is used, the link state of an optical layer can also be man- 
aged. 

[0045] Figs. 3 and 4 show examples of the format of 
information representing the utilization of the fiber links 

5 21 , which is output from the link observation section 1 3. 
The information output from the link observation section 
13 represents, using the bitmap format, whether each 
wavelength of the plurality of fiber links 21 connected to 
the optical cross-connect apparatus 10 Is used or un- 

10 used. 

[0046] More specifically, referring to Fig. 3, the type 
of information, and here, the used/unused state of each 
wavelength is indicated in the "type" field in the bitmap 
format. The length of the format is indicated In the 

15 "length" field. The used/unused state of each wave- 
length Is Indicated in the "bitmap" field. 
[0047] All links in the optical network correspond to 
each bit of the "bitmap" for each wavelength. Hence, as 
shown in Fig. 4, when "1 " is set for each bit representing 

20 a used wavelength and "0" for each bit representing an 
unused wavelength, the utilizations of the links in the 
optical path communication network can be represent- 
ed. For wavelengths which need not be observed, cor- 
responding bits can be omitted. 

25 [0048] Optical path setting operation by the optical 
cross-connect apparatus 1 0 shown in Fig. 2 will be de- 
scribed next with reference to Figs. 5 to 7. 
[0049] The optical cross-connect apparatus 10 in the 
optical network causes the link observation section 13 

30 to periodically observe, for each wavelength, whether 
each of the plurality of fiber links 21 connected to the 
apparatus 10 is used or unused (Fig. 5: step S1). 
[0050] Information representing the observed utiliza- 
tion is sent to the data storage section 15 to update link 

35 state data stored in the data storage section 1 5. The In- 
formation representing the observed utilization is also 
sent to the flooding section 1 4. The flooding section 1 4 
broadcasts the information to the optical cross-connect 
apparatuses of the remaining nodes in the optical net- 

40 work through the control channel 31 (Fig. 5: step S2). 
[0051] On the other hand, when the information rep- 
resenting the utilization of the fiber links is received from 
the optical cross-connect apparatus of another node in 
the optical network (Fig. 6: step S3), and It is information 

45 that has been received for the first time (Fig. 6: step S4, 
Yes), the Information is broadcast from the flooding sec- 
tion 1 4 to the optical cross-connect apparatus of another 
node through the control channel 31 (Fig. 6: step S5). 
In addition, the received information is sent from the 

50 flooding section 1 4 to the data storage section 1 5 to up- 
date the link state data stored in the data storage section 
15 (Fig. 6: step S6). 

[0052] When the operation in steps S3 to S6 Is exe- 
cuted by all optical cross-connect apparatuses in the op- 
ss tical network, the information representing the utilization 
of the fiber links in the optical network can propagate 
through the entire optical network. Hence, all the optical 
cross-connect apparatuses can share single link state 
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data on which the utilization of the fiber links is reflected. 
[0053] When information that has been received once 
Is received again (Fig. 6: steps S3 and S4, No), the re- 
ceived information is discarded by the flooding section 
14 (Fig. 6: step S7). 

[0054] When an optical path setting request is input 
from the setting request receiving section 16 (Fig. 7: 
step S8, Yes), the optical path calculation section 1 7 cal- 
culates the route and wavelength of an optical path in 
the optical network while referring to the link state data 
on which the utilization of the fiber links in the optical 
network is reflected (Fig, 7: step S9). Optical path infor- 
mation obtained by the optical path calculation section 
1 7 Is sent to the optical path setting section 1 8. The op- 
tical path information Is transmitted from the optical path 
setting section 18 to the optical cross-connect appara- 
tus of another node in the optical network through the 
control channel 33 (Fig. 7: step S10). 
[0055] After that, the node that has received the opti- 
cal path information also sequentially transports it to an- 
other node. When the optical path information reaches 
the node at the end of the optical network, the optical 
cross-connect apparatus of that node returns informa- 
tion representing reception of the optical path Informa- 
tion through a route different from that of the optical path 
information. 

[0056] When the optical cross-connect apparatus 1 0 
which has calculated the optical path information re- 
ceives the Information representing reception of the op- 
tical path information (Fig. 7: step S11 , Yes), the optical 
cross-connect apparatus combines the plurality of fiber 
links 21 connected to the optical cross-connect appara- 
tus 10 and their wavelengths on the basis of the optical 
path Information and sets, in the switching section 12, 
an optical path to be connected to the optical cross-con- 
nect apparatus 1 0 (Fig. 7: step S1 2). This setting is per- 
formed while confirming on the basis of the link state 
data whether a specific wavelength of the fiber links 21 
overlaps a plurality of optical paths. 
[0057] The optical cross-connect apparatuses of an 
end node and relay nodes in the optical network can also 
form optical paths by executing the operation In step 
S12 after returning or transporting the information rep- 
resenting reception of the optical path information. 
[0058] Accordingly, the utilization of the fiber links 21 
is changed. Each wavelength is observed by the link ob- 
servation section 1 3, and the link state data stored in 
the data storage section 1 5 is updated. In addition, in- 
formation representing the observed utilization is broad- 
cast from the flooding section 14. 
[0059] As described above, in this embodiment, col- 
lection of the utilization of all fiber links in the optical net- 
work and calculation and setting of optical paths based 
on the utilization can be done on the optical cross-con- 
nect apparatus side, I.e., on the node side. Since the 
centralized control apparatus 504 shown In Fig. 66 need 
not be used for optical path setting, the load on the net- 
work operator can be reduced. In addition, after a setting 


18 

request Is received, the optical path can quickly be set. 
[0060] Additionally, the utilization of all fiber links in 
the network, i.e., the used/unused state of each wave- 
length is reflected on the link state data of the optical 

5 cross-connect apparatus, an optical path can be set 
while minimizing wavelength conversion In the optical 
cross-connect apparatus acting as a node. Since it is 
unnecessary to arrange expensive wavelength convert- 
ers in the optical cross-connect apparatus, an inexpen- 

10 sive optical cross-connect apparatus and optical net- 
work can be provided. 

[0061 ] In the above-described case, the optical cross- 
connect apparatus 10 broadcasts information repre- 
senting the utilization of the fiber links 21 , which is ob- 

15 tained by the link observation section 1 3. However, link 
state data updated in the data storage section 1 5 on the 
basis of the utilization of the fiber links 21 may be sent 
to the flooding section 14 and then broadcast to the op- 
tical cross-connect apparatus of another node in the op- 

20 tical network. 

[0062] The control sections of the optical cross-con- 
nect apparatuses transmit/receive information repre- 
senting the link utilization in a form of a packet and there- 
fore have the control channels 31 to 33 Independently 

25 of the fiber links 21 . When a means for extracting a pack- 
et is arranged In the switching section 12, the informa- 
tion representing the link utilization can be transmitted/ 
received between the control sections 1 1 using the fiber 
link 21 without the control channels 31 to 33. 

30 [0063] It is only necessary that at least one optical 
cross-connect apparatus in the optical network has the 
setting request receiving section 1 6 and optical path cal- 
culation section 1 7 of the optical cross-connect appara- 
tus 10. Relay nodes and destination node -in the optical 

35 network need not always have them. 

(Second Embodiment) 

[0064] Figs. 8 and 9 show still another example of the 
40 format of Information representing the utilization of fiber 
links 21 , which Is output from a link observation section 
13. 

[0065] Figs. 3 and 4 show examples in which whether 
each wavelength of the fiber links 21 Is currently used 

45 is Indicated in the bitmap format. As shown in Fig. 8, in 
addition to "type" and "length", only the IDs (numbers) 
of currently used wavelengths may be indicated for 
wavelengths to be observed in the fiber links 21 con- 
nected to an optical cross-connect apparatus 10. IDs 

50 are Individually assigned to the wavelengths to be ob- 
served in the wavelengths of all the fiber links in the op- 
tical network. Even with this method, it can be indicated 
whether each wavelength of the fiber links is currently 
used or unused. 

55 [0066] As shown in Fig. 9, only the IDs (numbers) of 
currently unused wavelengths may be Indicated. 
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(Third Embodiment) 

[0067] Figs. 10 and 11 show still another example of 
the format of Information representing the utilization of 
fiber link 21 , which is output from a link observation sec- 
tion 13. Figs. 3 and 4 show examples in which whether 
each wavelength of the fiber links 21 is currently used 
is indicated. Instead, the number of wavelengths for 
which optical paths can newly be set In the fiber links 21 
connected to an optical cross-connect apparatus 10 
may be indicated. More specifically, as shown in Fig. 1 0, 
in addition to "type" and "length", the number of wave- 
lengths which are currently unused is indicated. 
[0068] The total number of wavelengths of the fiber 
links 21 are known in advance. Hence, when the number 
of wavelengths which are currently unused is indicated, 
the ratio of currently unused wavelengths in the fiber 
links 21 can be known. In addition, if a new optical path 
is set for one of the currently unused wavelengths, how 
the ratio of unused wavelengths is changed can also be 
known. Hence, an optical path can be set by selecting 
a route including fiber links with a high ratio of unused 
wavelengths. This prevents generation of a bottleneck 
due to use of wavelengths. Similarly, as shown in Fig. 
11, the number of currently used wavelengths may be 
indicated. 

(Fourth Embodiment) 

[0069] Fig. 1 2 shows still another example of the for- 
mat of Information representing the utilization of fiber 
links 21 , which is output from a link observation section 
1 3. Figs. 3 and 4 show examples in which whether each 
wavelength of the fiber links 21 Is currently used is indi- 
cated. Instead, the statistical utilization of the fiber links 
21 may be indicated in consideration of the past utiliza- 
tion. For example, as shown in Fig. 12, in addition to 
"type" and "length", a use ratio representing the proba- 
bility of use of each wavelength per unit time is indicated 
In correspondence with the ID of the wavelength of the 
fiber links 21 connected to an optical cross-connect ap- 
paratus 1 0. 

[0070] Accordingly, an optical path can be set by se- 
lecting fiber links with low use ratios and their wave- 
lengths. This prevents generation of a bottleneck due to 
use of wavelengths. 

[0071] Alternatively, a value obtained by adding and 

averaging the use ratios of all wavelengths of the fiber 
links 21 connected to the optical cross-connect appara- 
tus 1 0 may be indicated. A value obtained by adding the 
use ratios of all wavelengths of the fiber links 21 may be 
indicated. 

[0072] Information representing whether each wave- 
length of the fiber links 21 connected to the optical cross- 
connect apparatus 10 is currently used, the number of 
wavelengths of the fiber links 21 for which optical paths 
can newly be set, and the statistical utilization of the fiber 
links 21 considering the past utilization may the com- 


bined and indicated. 
(Fifth Embodiment) 

5 [0073] Fig. 1 3 shows another arrangement of the op- 
tical cross-connect apparatus. This optical cross-con- 
nect apparatus comprises a switching section 12, a 
computer 40 which operates under the control of a pro- 
gram, and a console 48 through which the network op- 

10 erator or user inputs an instruction to the computer 40. 
[0074] in the computer 40, an arithmetic processing 
section 41 , storage section 42, and interface sections 
(to be referred to as l/F sections hereinafter) 43^ to 434 
are connected to a bus 44. The l/F sections 43^ to 433 

'5 interface to the switching section 12, control channels 
31 to 33, and console 48, respectively. 
[0075] The program that controls the operation of the 
computer 40 is provided as it is recorded on a recording 
medium 49 such as a magnetic disk or semiconductor 

20 memory When the recording medium 49 is connected 
to the l/F section 484, the arithmetic processing section 
41 reads out the program written in the recording medi- 
um 49 and stores the program in the storage section 42. 
After that, the arithmetic processing section 41 executes 

25 the program stored In the storage section 42 on the ba- 
sis of an Instruction from the console 48 to implement a 
link observation section 13, flooding section 14, data 
storage section 1 5, optical path calculation section 1 7, 
and optical path setting section 1 8 shown In Fig. 2. A 

30 setting request receiving section 16 is implemented by 
the console 48. The program may be provided through 
a control channel such as the Internet. 

(Sixth Embodiment) 

35 

[0076] Figs. 14 and 15 show an arrangement of an 
optical cross-connect apparatus serving as a node of an 
optical network according to the present invention. Re- 
ferring to Fig. 1 4, a node 50 (a modification of the optical 

40 cross-connect apparatus 1 0 shown in Fig. 2) has wave- 
length converters (WC) 51-1 to 51-4 which perform 
wavelength conversion for signal light components each 
having two wavelengths (a total of four wavelengths), 
which are input from two fiber links #1 and #2, and an 

45 optical switch 52 which switches the path and outputs 
the signal light components to two fiber links #1 and #2. 
Each wavelength converter has a tunable arrangement 
capable of converting input signal light into an arbitrary 
wavelength. A monitor section 53 monitors the utiliza- 

50 tion of the wavelength converters 51-1 to 51-4 and 
stores the obtained utilization in a wavelength converter 
utilization database 54. The wavelength converter utili- 
zation database 54 transmits/receives the data of wave- 
length converter utilization to/from another node. The 

55 monitor section 53 has tables as shown in Fig. 1 5, which 
Indicate whether an input wavelength can be converted 
into an output wavelength in correspondence with fiber 
links #1 and #2. In the Initial state, any wavelength con- 
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version from input wavelengths X1 and "hZ to output 
waveiengths XI and 12. Is possible. Hence, "1" Is set for 
both the #1 table and the #2 table. 
[0077] For example, when signal light with the wave- 
length X1 from fiber link #1 is converted into the wave- 
length X2 by the wavelength converter 51-1, the value 
of the Input wavelength X,1 in the #1 table changes to 
"0" representing a wavelength conversion disable state. 
Since signal light with the wavelength 12 from fiber link 
#1 can be converted into eitherthe wavelength XI orX2, 
the value remains "1". Next, when signal light with the 
wavelength 12 from fiber link #2 is converted into the 
wavelength XI by the wavelength converter 51-4, the 
value of the input wavelength X2 in the #2 table changes 
to "0" representing the wavelength conversion disable 
state. Since signal light with the wavelength X,1 from fib- 
er link #2 can be converted into either the wavelength 
X1 or X2, the value remains "1". 

(Seventh Embodiment) 

[0078] Figs. 1 6 and 1 7 show still another arrangement 
of a node of an optical network according to the present 
invention. Referring to Fig. 1 6, a node 50 has an optical 
switch 52 which switches the paths of signal light com- 
ponents each having two wavelengths (a total of four 
wavelengths), which are input from two fiber links #1 and 
#2, and wavelength converters 51 , 55, and 56 which are 
connected between the input and output of the optical 
switch 52 to perform wavelength conversion for signal 
light. The wavelength converter (WC) 61 has a tunable 
arrangement capable of converting input signal light into 
an arbitrary wavelength. The wavelength converter 
(XI WC) 55 perfomis wavelength conversion to a wave- 
length XI . Thie wavelength converter (X2WC) 56 per- 
forms wavelength conversion to a wavelength X2. A 
monitor section 53 monitors the utilization of the wave- 
length converters 51 , 55, and 56 and stores the obtained 
utilization in a wavelength converter utilization database 
54. The wavelength converter utilization database 54 
transmits/receives the data of wavelength converter uti- 
lization to/from another node. The monitor section 53 
has tables as shown In Fig. 17, which indicate whether 
an Input wavelength can be converted into an output 
wavelength in correspondence with fiber links #1 and 
#2. In the initial state, any wavelength conversion from 
input wavelengths XI and X2 to output wavelengths XI 
andX2 is possible. Hence, "1" is set for both the#1 table 
and the #2 table. 

[0079] For example, signal light with the wavelength 
XI from fiber link #1 Is connected to the wavelength con- 
verter 56 and converted into the wavelength X2. In terms 
of form, connection to the remaining wavelength con- 
verters 51 and 55 is possible. Hence, the value of the 
input wavelength X1 in the #1 table remains "1 " (indicat- 
ed by hatching in Fig. 17). Since signal light with the 
wavelength X2 from fiber link #1 can be converted into 
either the wavelength XI or X2, the value remains "1". 
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Next, signal light with the wavelength X2 from fiber link 
#2 is converted into the wavelength XI by the tunable 
wavelength converter 51 . Of the three wavelength con- 
verters, only the wavelength converter 55 which per- 
5 forms wavelength conversion to the wavelength XI is 
unused. Hence, the values of the input wavelengths XI 
and X2 in the #2 and #1 tables change to "0" represent- 
ing that wavelength conversion to the wavelength X2 Is 
disabled. 

JO [0080] Information in the tables of the monitor section 
53 as shown in Fig. 15 or 17 Indicates the utilization of 
the wavelength converters In that node. When this in- 
formation is shared with the remaining nodes, the utili- 
zation of wavelength converters in the entire optical net- 
's work can be grasped. Accordingly, the utilization (wave- 
length conversion enable/disable state) of wavelength 
converters in each node can be taken into considera- 
tion. In calculating the route of an optical path, optimum 
wavelengths can be efficiently selected while preventing 
20 selection of a route where no physical path can be set. 

(Format to be Used to Send Wavelength Converter 
Utilization) 

25 [0081] Fig. 18 shows a format to be used to send a 
wavelength converter utilization in each node. Referring 
to Fig. 1 8, T (type) indicates the type (utilization of wave- 
length converters) to be sent, and L (length) indicates 
the length of information to be sent. Then, the utilization 

30 of wavelength converters Is indicated by a bitmap. Figs. 
1 5 and 1 7 show wavelength conversion to two wave- 
lengths (XI and X2). Fig. 18 shows the enable/disable 
state of wavelength conversion to 32 wavelengths. For, 
e.g., a channel of wavelength ID = 0, wavelength con- 

35 version to wavelength IDs 0 to 7 is possible, in the above 
example, the wavelength conversion enable/disable 
state is indicated by "1 7"0". For example, in the arrange- 
ment shown in Fig. 16, if the tunable wavelength con- 
verter 51 or fixed wavelength converter 55 or 56 com- 

40 prises a plurality of wavelength converters, their states 
are represented by cost values. Accordingly, wave- 
lengths can be finely designated by, e.g., preferentially 
using channels which are capable of wavelength con- 
version and have small cost values. 

45 

(Format Which indicates Cost Values) 

[0082] Fig. 1 9 shows a format which indicates cost 
values. For, e.g., a channel of wavelength ID = 0, no 

50 wavelength conversion is performed, and the cost value 
is as small as "0000". Assume that the numbers of wave- 
length converters from wavelength ID = 0 to wavelength 
IDs = 1 , 2, 3 are, e.g., 1 0, 5, and 1 . The channels are 
set to low cost "001 0" to high cost "1 1 00" in accordance 

55 with the number of wavelength converters. This also ap- 
plies to a channel of wavelength ID = 1 . 
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(Format Which Indicates Average Vaiue of Cost Vaiues 
for Each input Wavelength) 

[0083] Fig. 20 is a view showing a format which indi- 
cates the average value of cost vaiues for each input 
wavelength. In this case, the cost values of output wave- 
lengths are averaged and set for each input wavelength. 
For, e.g., a channel of wavelength ID = 0, the average 
value of "0000" to "1100" is set. Alternatively, the sum 
of the cost values may be set. The average value of cost 
values assigned to all input wavelengths may be added. 
When cost values are averaged instead of assigning 
them to input/output wavelengths, the format to be sent 
can be made small, and the load on the networl< can be 
reduced. 

[0084] In the above-described arrangement, the 

wavelength converters may be replaced with regenera- 
tion, reshaping and retiming devices, and the utilization 
of each regeneration, reshaping and retiming device 
may be monitored by the monitor section. Altematively, 
the utilization of both the wavelength converters and re- 
generation, reshaping and retiming devices may be 
monitored by the monitor section. 
[0085] The vaiues may be sent from the monitor sec- 
tion of each node at a predetermined time interval, when 
the utilization is more than or less than a predetermined 
reference value, or in the initial state without use of any 
wavelength converter or regeneration, reshaping and 
retiming device. 

[0086] In the embodiments shown in Figs. 1 4 and 1 6, 
the wavelength converter utilization database 54 trans- 
mits/receives the data of wavelength converter utiliza- 
tion to/from another node. Instead, an advertising sec- 
tion 57 may be arranged, as shown in Fig. 21 . The ad- 
vertising section 57 may transmit the data of wavelength 
converter utilization to the next node. Fig. 21 shows an 
arrangement corresponding to the node shown in Fig. 
1 4. This arrangement also applies to the node shown in 
Fig. 16. All data in the wavelength converter utilization 
database 54 may be transmitted. Alternatively, a differ- 
ence corresponding to a change in utilization from the 
preceding transmission time may be transmitted. 
[0087] As shown in Fig. 22, a centralized control ap- 
paratus 70 may be arranged for the nodes 50 to collect 
the data of wavelength converter utilization from the 
monitor sections 53 of the respective nodes and store 
the data in the wavelength converter utilization data- 
base 54 of the centralized control apparatus 70. 
[0088] In the present invention, the information 
(wavelength conversion enable/disable state) of utiliza- 
tion of the wavelength conversion capability and regen- 
eration, reshaping and retiming capability in each node 
is shared in the entire networl< whereby the wavelength 
conversion capability and regeneration, reshaping and 
retiming capability are suppressed to a necessary min- 
imum level to reduce the cost of the optical network. A 
routing section (not shown) of a node integrates costs 
for use of wavelength converters and Units for all route 


candidates from a source node on the originating side 
of a desired route to a destination node on a terminating 
side of the desired route, and selects a route with a min- 
imum cost as the desired route. A detailed example of 

5 routing of the optical networl< will be described below. 
[0089] A method of assigning a cost value to each 
conversion wavelength in each node will be described. 
When a wavelength converter is used in a node where 
the number of unused wavelength converters is small, 

'0 it puts pressure on the remaining resource of the node. 
To prevent this, a small cost value is assigned to a node 
where the number of equipped wavelength converters 
orthe number of unused wavelength converters is large. 
For example, the reciprocal of the number of equipped 

15 wavelength converters or the number of unused wave- 
length converters can be assigned as acost vaiue. How- 
ever, when the number of equipped wavelength convert- 
ers or the number of unused wavelength converters is 
0, the cost value is infinite (wavelength conversion is 

20 impossible), in this case, a predetermined vaiue a ex- 
cept 0 to 1 is set and used to indicate a cost value format 
or calculate a route (to be described below). 
[0090] An example of cost vaiue calculation will be de- 
scribed on the basis of the node arrangement shown in 

25 Fig. 23. Referring to Fig. 23, the wavelength converter 
(WC) 51-1 connected to the input port of the node 50 
has a tunable arrangement capable of wavelength con- 
version to the wavelength ^1 or X2. The wavelength con- 
verters (WC) 51-2 and 51-3 connected between the in- 

30 put and output ports of the optical switch 52 have a tun- 
able arrangement capable of wavelength conversion to 
the wavelength X^ , X2, or ^3. The wavelength converter 
56 (X2WC) connected between the input and output 
ports of the optical switch 52 has an arrangement capa- 

35 ble of wavelength conversion to the wavelength X2. The 
wavelength converter 51 -2 has already been used. On 
the basis of the number of equipped wavelength con- 
verters, the cost values corresponding to the conversion 
wavelengths are 

M : 1/3 (three wavelength converters 51-1, 51-2, 
and 51-3) 

X2 : 1/4 (four wavelength converters 51-1, 51-2, 
51-3, and 56) 

45 A3 : 1/2 (two wavelength converters 51 -2 and 51 -3) 

On the basis of the number of unused wavelength con- 
verters (wavelength conversion possibility), the cost val- 
ues are 

50 

XI : 1/2 (two wavelength converters 51-1 and 51-3) 
X2: 1/3 (three wavelength converters 51-1, 51-3, 
and 56) 

A3 : 1/1 (one wavelength converter 51-3) 

[0091] Assume that in an optical network in which 
three wavelengths (XI , A2, and A3) are multiplexed, the 
networks of the respective wavelengths are parallelly ar- 
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ranged. For example, the cost values based on the 
number of unused wavelength converters can be given 
as shown in Fig, 24. Numerical values represented by 
fractions Indicate cost values for the conversion wave- 
lengths X^ , 12., and X3 in the node C. 
[0092] Assume that three signal light components 
having the wavelengths X\ , X.2, and A,3 are input to the 
node 50 in Fig. 23. The cost values for the respective 
conversion wavelengths with respect to an input wave- 
length will be examined. On the basis of the number of 
equipped wavelength converters, the cost values are 

X1 -^^2:1/4 
X1 X3 : 1/2 
X2 XI : 1/2 
X2 -> A3 : 1/2 

IZ-^W: 1/2 
X3^X2 : 1/3 

On the basis of the number of unused wavelength con- 
verters (wavelength conversion possibility), the cost val- 
ues are 

A.1 -» A2 : 1/3 
A.1 A3 : 1/1 
X2 A,1 : 1/1 
A2^A3: 1/1 
A3 -» A,1 : 1/1 
A3->A2:1/2 

[0093] Assume that In an optical network in which 
three wavelengths (A,1 , A2, and A.3) are multiplexed, the 
networks of the respective wavelengths are parallelly ar- 
ranged. For example, the cost values for the conversion 
wavelengths, which are based on the number of unused 
wavelength converters, can be given as shown in Fig. 
25. Figs. 24 and 25 will be compared. In Fig. 24, the cost 
value for, e.g., the conversion wavelength A.2 is 1/3 in- 
dependently of the input wavelength, as is indicated by 
underlines. In Fig. 25, the cost value is 1/3 for the input 
wavelength X\ and 1/2 for the input wavelength A3. 
[0094] The wavelength conversion costs obtained in 
the above way can be used for route calculation together 
with the link costs between the nodes. The costs may 
be weighted by the number of wavelength converters 
(and the number of regeneration, reshaping and retim- 
ing devices) and the number of wavelengths multiplexed 
in the fiber links. For example, when the number of 
wavelength converters is smaller than the number of 
wavelengths multiplexed in the fiber links, a great deal 
of weight is placed on the wavelength conversion costs 
because use of the wavelength converters has great in- 
fluence on the entire network. 
[0095] Fig. 1 9 shows an example of the format of cost 
value Indication. To indicate fraction values as described 
above, the following method can be employed. First, 
each of the calculated cost values is converted into a 
floating-point number (e.g., 5.0 x 10-^). The floating- 
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point number is expressed by a format of 32-bit floating- 
point representation. The maximum value of values that 
can be expressed by the 32-bit floating-point represen- 
tation is assigned to the cost value a which represents 

s that wavelength conversion is impossible. 

[0096] When a cost value (0 to 1 ) is expressed by 4-bit 
data, the cost values are linearly assigned to "0000" to 
" 11 1 0", and the cost value a which represents that wave- 
length conversion is Impossible is assigned to "1111". 

»o All cost values smaller than a given threshold value are 
assigned to "0000". Cost values from the threshold val- 
ue to 1 are linearly assigned to "0000" to "1110". The 
cost value a which represents that wavelength conver- 
sion is impossible is assigned to "1111". 

15 [0097] Fig. 26 shows the first example of routing of 
the optical network. When it is regarded that two wave- 
lengths (A,1 and X2) are multiplexed In the optical net- 
work, and the networks of the respective wavelengths 
are parallelly arranged, the wavelength conversion ca- 

20 pability can be regarded as a route of movement be- 
tween the arrangement positions. The numerical values 
in Fig. 26 represent link costs and wavelength conver- 
sion costs, in this example, the less the remaining re- 
source Is, the higher the cost becomes. The remaining 

25 wavelength conversion resource decreases In the order 
of the node C, node D, node A, and node B. The wave- 
length conversion cost from the wavelength A,1 to 12. 
equals that from the wavelength A,2 to A,1 . This also ap- 
plies to the link costs. A link with "1" has no remaining 

30 resource (used) anymore. 

[0098] Under the above conditions, in the route from 
a source node to a destination node, wavelength con- 
version must be performed in the node B or 0. When 
only the link costs are taken into consideration, route 1 

35 (source node - node A (A2) - node B (A2/A,1) - node D 
(A,1) - destination node) is employed. When the wave- 
length conversion costs are also taken into considera- 
tion, route 2 (source node - node A (A. 2) - node C (A.2/A.1 ) 
- node D (A,1 ) - destination node) is employed. For such 

40 routing, the monitor function of the present invention is 
used. 

[0099] Fig. 27 shows the second example of routing 
of the optical network. In this example, use of a regen- 
eration, reshaping and retiming device itself in each 

45 node is regarded as an moving action from a link place 
to the same node on another link plane. A cost value is 
set as a hop. An algorithm is used, which calculates, as 
a hop, even a route that passes by using a wavelength 
converter or regeneration, reshaping and retiming de- 

50 vice and selects a route where the total cost value from 
the source node to the destination node is minimum. 
When the source node and the node of the next hop are 
connected by a plurality of fiber links and wavelengths, 
one route is detemilned as the first hop. A route from 

55 this point is calculated by the Dijkstra method shown in 
Fig. 28 (e.g., reference: A.V. /^ho et al., "Data Structures 
and Algorithms", Baifukan (ISBN4-563-00791-9), p. 
1 79). Referring to Fig. 28, w is the total number of wave- 
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lengths, and k is the start wavelength. The first route is 
selected (step S21). If an unselected route remains (k 
< w) (step S22: YES), the cost of the route (k) is calcu- 
lated by Dijkstra calculation (step S23). The next route 
is selected (k = k + 1) (step S24), and the flow returns 
to step S22. This processing is repeated for all routes 
to the next hop. The route with the minimum cost value 
is selected from the plurality of obtained route candi- 
dates (step S25). 

[01 00] In the second example, the cost values for the 
respective conversion wavelengths are calculated indi- 
vidually with respect to the Input wavelength. For exam- 
ple, the wavelength conversion cost from the wave- 
length X1 to the wavelength }JZ is 0.6. The wavelength 
conversion cost from the wavelength X2 to the wave- 
length X.1 is 0.3. The remaining conditions are the same 
as in the first example. Under the above conditions, 
when route 1 from the source node to the destination 
node passes through the source node (A, 1 ) - node A 
(XI, regeneration, reshaping and retiming device) - 
node C (XI) - node D (X1) - destination node, the total 
cost is 1.1. 

In route 2, wavelength conversion is performed in the 
node B. When route 2 passes through the source node 
{X 2) - node A (X2) - node B (X2A,1) - node D (X 1) - 
destination node, the total cost is 1 .0. Hence, route 2 
whose total cost is minimum is employed. 

(Eighth Embodiment) 

[0101] Fig. 29 shows the arrangement of an optical 
network according to the eighth embodiment of the 
present invention. For the descriptive convenience, Fig. 
29 illustrates only node #1 (101), node #2 (102), node 
#3 (1 03), node #4 (1 04), node #5 (1 05), a link 1 1 2 which 
connects nodes #1 and #2, a link 113 which connects 
nodes #1 and #3, a link 125 which connects nodes #2 
and #5, a link 1 34 which connects nodes #3 and #4, and 
a link 145 which connects nodes #4 and #5. However, 
the present invention can be applied to optical networks 
in various forms. 

[01 02] Fig. 30 shows the arrangement of a node (cor- 
responding to the optical cross-connect apparatus 1 0 
shown in Fig. 2) In the optical network shown in Fig. 29 
according to the eighth embodiment of the present in- 
vention. Fig. 30 shows the arrangement of node #1 as 
an example. Nodes #2 to #5 can also have the same 
arrangement as in Fig. 30. Node #1 Includes an optical 
switching block 110 which switches the optical path, a 
user interface section 1 20 including a transmitter/receiv- 
er connected to an optical path 150 to transmit/receive 
transmission signal light, a regeneration, reshaping and 
retiming relay 1 30 which recovers the signal-to-noise ra- 
tio or Q value of transmission signal light, and a node 
control section 140 which controls the optical switching 
block 110, user interface section 1 20, and regeneration, 
reshaping and retiming relay 130 and executes signal- 
ing processing for another node. 
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[0103] For each link such as a fiber link, a known cost 
C and a degradation parameter a of transmission signal 
light in a link section, which is newly introduced by the 
present invention, are defined. A value used as the deg- 

s radation parameter value Is determined in consideration 
of chromatic dispersion, higher-order chromatic disper- 
sion, polarization dispersion, and nonlinear effect of a 
fiber link, and the noise characteristic of an optical relay 
and in accordance with a result of numerical analysis 

10 such as beam propagation method. A thus set degrada- 
tion parameter is managed by the node control section 
in the node that accommodates the fiber links. 
[0104] Fig. 31 explains optical-path routing informa- 
tion managed by the node control section in the node 

75 according to the eighth embodiment of the present in- 
vention. Optical-path routing information is represented, 
for, e.g., each link number Lij, node numbers I and J of 
the first and second nodes to be connected by the link 
Lij, a cost Cij of the link Lij, and a degradation parameter 

20 aij of the link Lij. Each node advertises, to the remaining 
nodes, the degradation parameter of transmission sig- 
nal light in a link section defined for each link accommo- 
dated by the node. For example, referring to Fig. 31, if 
a node having the node number I corresponding to the 

25 link number Lij is the node that accommodates the link, 
the node I advertises the degradation parameter aij re- 
lated to the link Lij to the remaining nodes. 
[0105] Fig. 32 explains degradation parameter adver- 
tising processing according to the eighth embodiment 

30 of the present invention. The degradation parameter of 
transmission signal light is stored in, e.g., Sub-TLV 
(Opaque Information) of an OSPF packet (IETF Internet 
draft RFC1131/1247/1583) together with the link 
number. This information is exchanged between the 

35 nodes. Accordingly, the node control section 140 of 
each node can collect optical-path routing Information 
as shown in Fig. 31. The node control section 140 of 
each node selects and determines a route of transmis- 
sion signal light. I.e., optical-path routing using the opti- 

40 cal-path routing information. For example, assume that 
in the optical network shown in Fig. 29, an optical path 
is to be set from node #1 to #4. Optical path candidates 
are the following three optical paths 

45 (Optical path candidate 1) node #1 node #3 
node #4 

(Optical path candidate 2) node #1 -> node #5 -> 

node #4 

(Optical path candidate 3) node #1 -» node #2 -> 
50 node #5 node #4 

According to the conventional shortest path tree gener- 
ation method based on the link cost, when the optical- 
path routing information shown in Fig. 31 is used, the 
55 costs of optical path candidates 1 to 3 are 

(Optical path candidate 1) SCI = 013 + 034 = 30 
+ 10 = 40 
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(Optical path candidate 2) SC2 = C15 + C45 = 20 
+ 10 = 30 

(Optical path candidate 3) SC3 = C12 + C25 + C45 
= 20 + 20 + 10 = 50 

Hence, optical path candidate 2 whose total cost SC is 
minimum is selected as an optical path from node #1 to 

node #4. 

[01 06] In the eighth embodiment of the present Inven- 
tion, an optical path is determined on the basis of the 
degradation parameter of transmission signal light in 
consideration of the transmission quality of a fiber link, 
in the optical path selection method based on the deg- 
radation parameter of transmission signal light accord- 
ing to the eighth embodiment of the present invention, 
for example, when the sum of degradation parameters 
of transmission signal light of an optical path candidate 
is larger than a threshold value like an expectation value 
ath requested for error-free transmission, it is deter- 
mined that the transmission signal light must be regen- 
erated, reshaped and retimed midway In the route. This 
optical path candidate is rejected. The sum of degrada- 
tion parameters of another optical path candidate is 
checked. An optical path candidate for which the sum 
of degradation parameters is smaller than the threshold 
value is finally selected as an optical path. 
[0107] Optical-path routing determination processing 
using the optical-path routing Information shown In Figs. 
29 to 31 will be described with reference to Fig. 33. in 
this example, three optical path candidates from node 
#1 to node #4 are set as 

(Optical path candidate 1) node #1 -> node #3 -> 
node #4 

(Optical path candidate 2) node #1 -> node #5 -> 
node #4 

(Optical path candidate 3) node #1 -» node #2 -» 
node #5 node #4 

For example, the sums of degradation parameters for 
two optical path candidates with small numbers of times 
of regeneration, reshaping and retiming relay, I.e., opti- 
cal path candidates 1 and 2 are 

(Optical path candidate 1) a13 + a34 < ath 
(Optical path candidate 2) a15 + a45 > ath 

For optical path candidate 2, the sum of degradation pa- 
rameters of transmission signal light for the links 112 
and 1 45 exceeds the threshold value ath. Hence, regen- 
eration, reshaping and retiming relay must be added 
once, as in optical path candidate 3. Hence, optical path 
candidate 1 with the smallest number of times of regen- 
eration, reshaping and retiming relay is finally selected 
as an optical path with the shortest route. 
[0108] Fig. 34 shows a routing method according to 
the eighth embodiment of the present invention. 
[0109] Step SI 01: The degradation parameter of 


transmission signal light in a link section is defined for 
each link accommodated by each node. 
[0110] Step S102: The degradation parameter of 
transmission signal light in a link section, which is de- 
s fined for each link accommodated by each node, is ad- 
vertised to the remaining nodes. 
[0111] Step S103: in a node for which optical-path 
routing is to be made, the shortest route where use of 
regeneration, reshaping and retiming devices is sup- 
10 pressed is selected using the degradation parameter of 
transmission signal light in the link section. 
[0112] As described above, according to the routing 
method of the eighth embodiment of the present inven- 
tion, optical-path routing where use of regeneration, re- 
's shaping and retiming devices is suppressed can be 
made. 

[0113] Alternatively, for example, in the eighth em- 
bodiment of the present invention, optical path candi- 
dates may be sequentially selected in ascending order 

20 of sums of link costs. When the sum of the degradation 
parameters of a selected optical path candidate is small- 
er than the threshold value, the optical path candidate 
may be selected as a final optical path. Fig. 35 shows 
shortest route setting processing according to the eighth 

25 embodiment of the present invention. 

[0114] Step S111: The sums (e.g., SCI, SC2, and 
SC3) of costs of optical path candidates from a source 
node (e.g., node #1) to a destination node (e.g., node 
#4) are calculated. 

30 [0115] Step S11 2: An optical path candidate (e.g., op- 
tical path candidate 2) with the minimum total cost is se- 
lected. 

[0116] Step S1 13: It is determined whether the sum 
of degradation parameters (e.g., a15 + a45) of the se- 
as lected optical path candidate (e.g., optical path candi- 
date 2) is smaller than the threshold value (e.g., ath). If 
the sum of degradation parameters Is smaller than the 
threshold value, the flow advances to step 811 6. Other- 
wise, the flow advances to step 8114. 
40 [0117] Step S114: It is determined whether the next 
optical path candidate (e.g., optical path candidates 1 
and 3) is present, if the next optical path candidate is 
present, the flow returns to step S1 1 2 to select an optical 
path candidate (e.g., optical path candidate 1) with the 
45 minimum total cost in the remaining optical path candi- 
dates. In step S113, the sum of degradation parameter 
of the optical path candidate is compared with the 
threshold value. In the above example, since the sum 
of degradation parameters of optical path candidate 1 
50 satisfies a13 + a34 < ath, the flow advances to step 
S116. 

[0118] Step S115: The condition that the sum of deg- 
radation parameters of the selected optical path candi- 
date is smaller than the threshold value is not satisfied 
55 for all optical path candidates. Hence, an optical path 
candidate with the minimum total cost is set as the short- 
est route. 

[01 1 9] Step S1 1 6: The optical path candidate with the 
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minimum total cost is seiected from tlie optical path can- 
didates winlch satisfy tlie condition that the sum of deg- 
radation parameters of the selected optical path candi- 
date is smaller than the threshold value. Hence, the se- 
lected optical path candidate Is set as the shortest route. 
[0120] With the above processing, optical-path rout- 
ing which suppresses use of regeneration, reshaping 
and retiming relays is made. 

(Ninth Embodiment) 

[0121] A routing method according to the ninth em- 
bodiment of the present invention will be described next. 
The operation of the routing protocol used and functions 
Implemented In the ninth embodiment are basically the 
same as In the eighth embodiment. The ninth embodi- 
ment is different from the eighth embodiment in that the 
degradation parameter (to be sometimes referred to as 
a signal degradation parameter hereinafter) of a trans- 
mission signal is defined not for each link section but for 
each wavelength band of link section. That is, the signal 
light degradation parameter is stored in Sub-TLV of an 
OSPF packet together with an link ID and wavelength 
band ID. These pieces of information are exchanged be- 
tween nodes. Fig. 36 shows degradation parameter ad- 
vertising processing according to the ninth embodiment 
of the present invention. 

[01 22] Figs. 37 and 38 show an example of setting of 
the wavelength band ID and signal degradation param- 
eter according to the ninth embodiment of the present 
invention. In this example, a dlsperslon-shlfted optical 
fiber having a wavelength at zero-chromatic dispersion 
In the 1 550-nm band is used. Fig. 37 shows chromatic 
dispersion for wavelengths. Fig. 38 shows signal light 
degradation parameters for wavelengths. As is appar- 
ent from Figs. 37 and 38, the signal light degradation 
parameter becomes large toward a longer wavelength 
band, and the degree of degradation In signal quality 
becomes high. For example, In the eighth embodiment 
of the present invention, the worst value of a signal light 
degradation parameter is advertised in consideration of 
the dependence of each fiber link on the wavelength. It 
is determined that a regeneration, reshaping and retim- 
ing relay is necessary in the section of node #1 -» node 
#5 -> node #4. In the ninth embodiment of the present 
invention, however, the dependence of each fiber link 
on the wavelength is also advertised. Hence, at a spe- 
cific wavelength, even for a route of, e.g., node #1 -> 
node #5 -> node #4, it Is determined that no regenera- 
tion, reshaping and retiming relay needs to be used. An 
optical path can be set between node #1 and node #4. 
As described above, according to the routing method of 
the ninth embodiment of the present Invention, a short- 
est pass tree can be generated in consideration of the 
dependence of a fiber link on a wavelength. Hence, op- 
tical-path routing which suppresses use of regeneration, 
reshaping and retiming relays can be made. 


(10th Embodiment) 

[01 23] A routing method according to the 1 0th embod- 
iment of the present Invention will be described next. 

s The operation of the routing protocol used and functions 
Implemented in the 10th embodiment are basically the 
same as in the ninth embodiment. In the 10th embodi- 
ment, as a signal light degradation parameter, parame- 
ter distance information representing a degradation in 

10 signal-to-noise ratio in each fiber section and a degra- 
dation in signal light pulse waveform is used. Fig. 39 
shows degradation parameter advertising processing 
according to the 10th embodiment of the present inven- 
tion. In each link, the signal-to-nolse ratio degrades due 

IS to the influence of an optical fiber loss and spontaneous 
emission noise added by an optical amplification relay 
which compensates for the loss. It is nothing else that 
the fluctuation In number of photons of transmission sig- 
nal light that carries digital information increases. In 

20 IM-DD (Intensity Modulation Direct Detection) used in a 
normal optical fiber transmission system, however, a 
signal-to-noise ratio of 22 dB or less must be implement- 
ed in orderto implement error-free transmission. Hence, 
if an excessive degradation in signal-to-noise ratio is 

25 present, signal transmission becomes impossible. That 
is, the signal-to-noise ratio becomes a factor that re- 
stricts transmission. 

[01 24] A degradation in signal light waveform also be- 
comes a factor that restricts transmission. More specif- 

30 Ically, when the signal light waveform degrades, inter- 
symbol interference occurs in a digital signal, and the 
receiver cannot identify 1 or 0 of each bit, resulting in 
restriction on transmission. Factors for the degradation 
in signal light waveform are chromatic dispersion, high- 

35 er-order chromatic dispersion (dispersion slope), polar- 
ization dispersion, and nonlinear effect of the optical fib- 
er. Especially, the presence of the effect of nonlinear re- 
fraction causes spectral spread due to the self-phase 
modulation of the signal light pulse, or crosstalk be- 

40 tween the wavelength channels, which is called four- 
wave mixing or cross-phase modulation. In the optical 
fiber transmission system, as shown in Fig. 40, it is 
known that transmission can be performed under con- 
ditions that satisfy both restrictions given by the two fac- 

45 tors, I.e., the signal-to-nolse ratio and the degradation 
in signal light waveform. In generating the shortest path 
tree, each node apparatus uses the protocol according 
to the eighth embodiment of the present invention. Ac- 
cordingly, a sum Ian, snr of signal-to-noise ratio degra- 

50 datlon parameters and a sum £an, isi of signal light 
waveform degradation parameters between the nodes 
are independently derived. The values £an, snr and S 
an, isi are compared with threshold values ccth, snr and 
ath, Isi, respectively. When at least one sum exceeds 

55 the corresponding threshold value, a regeneration, re- 
shaping and retiming relay is used. When this process- 
ing is implemented, a necessary regeneration, reshap- 
ing and retiming relay can be selected while Independ- 
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ently considering the factors for the degradation in sig- 
nal light propagating through the optical fiber. Hence, 
the accuracy of selection can be increased. 

(11th Embodiment) 

[01 25] The 1 1 th embodiment of the present Invention 
will be described next. In the 11 th embodiment, as signal 
light degradation parameters, distance information of 
each fiber link and a degradation parameter per unit 
length are used. For example, the signal-to-noise ratio 
degradation parameter used in the eighth embodiment 
of the present invention and the signal waveform deg- 
radation parameter are defined as signal degradation 
parameters as numerical values per unit length of the 
fiber link. Fig. 41 shows degradation parameter adver- 
tising processing according to the 11th embodiment of 
the present invention. When a signal degradation pa- 
rameter is defined as a numerical value per unit length, 
and the distance information of each fiber link is held, 
another effect can be obtained so that the distance in- 
formation can be used for delay management of an op- 
tical path to be connected. For example, two optical 
paths (link ID = 1 ) are set In the section between the first 
node and the second node, distance Information can be 
used to manage the delay between the optical paths. 
Also in connecting an optical path, if a user who Is very 
sensitive to a delay is to be accommodated, an optical 
path can be set through a route with the minimum prop- 
agation delay. 

[0126] The routing method according to each of the 
above embodiments of the present invention can be 
constructed as software (program). When the CPU of a 
computer executes the program, the routing method ac- 
cording to the embodiment of the present invention can 
be implemented. The constructed program is recorded 
on a disk device or the like and installed in a computer 
as needed. The program may be stored in a portable 
recording medium such as a flexible disk, memory card, 
or CD-ROM and installed in a computer as needed. Al- 
ternatively, the program may be Installed in a computer 
through a communication line and executed by the CPU 
of the computer. 

(12th Embodiment) 

[01 27] Fig. 42 shows the outline of an embodiment of 
a node (a modification of the optical cross-connect ap- 
paratus 10 shown in Fig. 2) used in a photonic-IP net- 
work according to the present invention. The same ref- 
erence numerals as In Fig. 72 denote the same or similar 
constituent elements In Fig. 42, and a description there- 
of will be omitted. In this embodiment, a control block 
CNT (a modification of the control section 11 of the op- 
tical cross-connect apparatus 10 shown In Fig. 2) of a 
node ND has a switching capability monitor section BL5. 
The switching capability monitor section BL5 periodical- 
ly observes the utilization of the resource (the input/out- 
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put port of an IP switching block ND-1 or the interface 
of an optical switching block ND-2) in the node ND, de- 
termines, on the basis of the observation result, the cur- 
rent switching capabilities of interfaces 11 , 12, 13, 14, 01 , 

5 02, 03, and 04 in the node ND, and updates/stores the 
current switching capabilities of interfaces II , 12, 13, 14, 
01 , 02, 03, and 04 in a link state DB BL2. The link state 
DB BL2 stores first the switching capabilities unique to 
the interfaces II, 12, 13, 14, 01, 02, 03, and 04. In ad- 

10 dition, if, e.g., the interface 01 has no switching capa- 
bility anymore, the switching capability monitor section 
BL5 updates/stores "Nothing" representing that no 
switching capability remains in the link state DB BL2 as 
the current switching capability. 

IS [01 28] The current switching capabilities of the Inter- 
faces 11 , 12, 13, 14, 01 , 02, 03, and 04 In the node ND, 
which are updated/stored in the link state DB BL2, are 
advertised to the remaining nodes In the photonlc-IP 
network using a routing protocol such as OSPF. Each 

20 of the remaining nodes also has the control block CNT 
having the same arrangement as in the node ND and 
advertises the current switching capabilities of the inter- 
faces In Itself, which are updated/stored in the link state 
DB BL2, to the remaining nodes, like the node ND. Ac- 

25 cordingly, the current switching capabilities of Interfaces 
in all nodes In the photonic-IP network are stored In the 
link state DB BL2 of the node ND as link state informa- 
tion. The link state DB BL2 of each of the remaining 
nodes also stores, as link state Information, the current 

30 switching capabilities of interfaces in all nodes In the 
photonic-IP network. 

[0129] To exchange routing protocol Information, ad- 
jacent nodes must ensure at least one control path ther- 
ebetween. That Is, adjacent nodes have a mechanism 

35 which guarantees to always maintain RA (Routing Ad- 
jacency). This mechanism guarantees to prevent any 
situation wherein all the interfaces are set as "Nothing", 
and no RA can be ensured between adjacent nodes. An 
inbound control path may be ensured as part of a data 

40 link ensured between adjacent nodes. In that case, the 
data link must always be ensured. Alternatively, an out- 
bound control path may be ensured independently of the 
data link. 

[01 30] A next hop DB BL6 is a DB which stores a re- 
45 suit of route calculation. The next hop DB BL6 stores 
Information representing an IF to which a packet or op- 
tical path should be transported (for which an optical 
path should be set to transport a packet) to reach each 
node. 

[Example 1 of Optical Path Setting in Photonic-IP 
Network] 

[0131] Fig. 43 shows an example of optical path set- 
55 ting in the photonic-IP network. In this example, on the 
basis of the concept of GMPLS, nodes H and K are 
nodes of type I, and a node J is a type of node II. The 
node H Is defined as a source node, and the node K is 
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defined as a destination node. A route is calculated by 
a control block CNT in the node H. The calculated route 
is sent to the nodes J and K through control paths S1 
and S2, thereby setting, between the nodes H and K, 
optical path #1 from an interface 02 of the node H to an 
interface 11 of the node K through interfaces 12 and 01 
of the node J. Each of the nodes H, J, and K has a 
switching capability monitor section BL5 in its control 
block CNT, like the node ND shown in Fig. 42. In the 
example shown in Fig. 43, in setting optical path #1 , the 
interfaces 12 and 01 of the node J are connected using 
LSC. Accordingly, the interfaces 12 and 01 have no 
available switching capability. The switching capability 
is "Nothing". 

[0132] In this case, the switching capability monitor 
section BL5 of the control block CNT determines that 
the current switching capability of the interfaces 11 and 
02 in the node ND is "LSC", and the current switching 
capability of the interfaces 12 and 01 in the node ND is 
"Nothing" and updates/stores the current switching ca- 
pabilities of the interfaces 11, 12, 01, and 02 in the link 
state DB BL2. More specifically "LSC" has been stored 
till then in the link state DB BL2 in the node J as the 
switching capability of the interfaces II , 12, 01 , and 02 
in the node J. The switching capability of the interfaces 
12 and 01 is changed from "LSC" to "Nothing". The 
flooding section BL1 of the node J advertises to the re- 
maining nodes H and K the current switching capabili- 
ties of the interfaces 11 , 12, 01 , and 02, which are up- 
dated/stored In the link state DB BL2, together with the 
unique Information (e.g., IP addresses) of the interfaces. 
Accordingly, the link state Information in the link state 
DB BL2 of each of the nodes H, J, and K is rewritten. In 
the link state information, the switching capability of the 
interfaces 12 and 01 in the node J is "Nothing" corre- 
sponding to the current state. Hence, none of problems 
that no appropriate path can be selected In calculating 
a route or no appropriate optical path can be set in set- 
ting an optical path occurs. 

[Example 2 of Optical Path Setting In Photonic-IP 
Network] 

[0133] Fig. 44 shows another example of optical path 
setting in the photonic-IP network. In this example, 
nodes L, M, and N are nodes of type III. The node L is 
defined as a source node, and the node M is defined as 
a destination node. A route Is calculated by a control 
block CNT in the node L. The calculated route is sent to 
the node M through a control path SI , thereby setting, 
between the nodes L and M, optical paths #1 and #2. 
More specifically, optical path #1 from an output port 
Pout1 of an IP switching block LI of the node L to an 
input port Pini of an IP switching block Ml of the node 
M through an interface 01 of an optical switching block 
L2 of the node L and an interface 1 1 of an optical switch- 
ing block M2 of the node M and optical path #2 from an 
output port Pout2 of the IP switching block LI of the node 
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L to an input port Pin2 of the IP switching block Ml of 
the node M through an interface 03 of the optical switch- 
ing block L2 of the node L and an interface 13 of the 
optical switching block M2 of the node M are set. 

s [0134] In addition, the node M is defined as a source 
node, and a downstream node (not shown) is defined 
as a destination node. A route Is calculated by the con- 
trol block CNT in the node M. The calculated route is 
sent to the node N through a control path S2, thereby 

10 setting, between the nodes M and N, optical path #3. 
More specifically, optical path #3 which is output from 
the output port Pouti of the IP switching block Ml of the 
node M to the interface 13 of an optical switching block 
N2 of the node N through the Interface 03 of the optical 

IS switching block M2 of the node M and output from the 
Interface 03 of the optical switching block N2 is set. 
Each of the nodes L, M, and N has a switching capability 
monitor section BL5 In its control block CNT, like the 
node ND shown in Fig. 42. 

20 [01 35] In the example shown In Fig. 44, in setting op- 
tical path #1 , the interface 01 of the optical switching 
block L2 of the node L Is connected to the output port 
Pouti of the IP switching block LI using LSC. The in- 
terface 11 of the optical switching block M2 of the node 

25 M is connected to the input port Pin1 of the IP switching 
block Ml using LSC. In setting optical path #2, the in- 
terface 03 of the optical switching block L2 of the node 
L is connected to the output port Pout2 of the IP switch- 
ing block LI using LSC. The interface 13 of the optical 

30 switching block M2 of the node M is connected to the 
input port Pin2 of the IP switching block Ml using LSC. 
In setting optical path #3, the Interface 03 of the optical 
switching block M2 of the node M Is connected to the 
output port Pouti of the IP switching block Ml using 

35 LSC. The Interfaces 13 and 03 of the optical switching 
block N2 of the node N are connected using LSC. For 
this reason, the interfaces 01 and 03 of the node L and 
the Interfaces II , 13, and 03 of the node M have no LSC 
as a switching capability. Only PSC remains. The inter- 

40 faces 13 and 03 of the node N have neither LSC nor 
PSC and are set in the "Nothing" state. 
[0136] In this case, the switching capability monitor 
section BL5 of the control block CNT of the node L de- 
termines that the current switching capability of the in- 

45 terfaces 11 , 12, 13, and 02 in the node L is "PSC + LSC", 
and the current switching capability of the interfaces 14 
and 04 is "PSC", the current switching capability of the 
interfaces 01 and 03 Is "PSC" and updates/stores the 
current switching capabilities of the interfaces 11 to 14 

50 and 01 to 04 in the link state DB BL2. More specifically, 
"PSC + LSC" has been stored till then In the link state 
DB BL2 in the node L as the switching capability of the 
interfaces 11 to 13 and 01 to 03 in the node L, and "PSC " 
has been stored as the switching capability of the inter- 

55 faces 14 and 04 in the node L. The switching capability 
of the interfaces 01 and 03 is changed from "PSC + 
LSC" to "PSC". The flooding section BL1 of the node L 
advertises to the remaining nodes M and N the current 
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switching capabilities of the interfaces i1 to 14 and 01 
to 04, which are updated/stored in the linl< state DB Bl^, 
together with the unique information (e.g., IP addresses) 
of the interfaces. 

[0137] In addition, the switching capability monitor 
section BL5 of the control block CNT of the node M de- 
termines that the current switching capability of the in- 
terfaces 12, 01 , and 02 in the node M is "PSC + LSC", 
the switching capability of the interfaces 14 and 04 is 
"PSC", and the current switching capability of the inter- 
faces II, 13, and 03 is "PSC", and updates/stores the 
current switching capabilities of the interfaces II to 14 
and 01 to 04 in the link state DB BL2. More specifically, 
"PSC + LSC" has been stored till then in the Wnk state 
DB BL2 in the node M as the switching capability of the 
interfaces 11 to 13 and 01 to 03 in the node M, and 
"PSC " has been stored as the switching capability of 
the interfaces 14 and 04 in the node M. The switching 
capability of the interfaces 11, 13, and 03 is changed 
from "PSC + LSC" to "PSC". The flooding section BL1 
of the node M advertises to the remaining nodes L and 
N the current switching capabilities of the interfaces II 
to 14 and 01 to 04, which are updated/stored in the llnl< 
state DB BL2, together with the unique information (e. 
g., IP addresses) of the interfaces. 
[0138] Furthermore, the switching capability monitor 
section BL5 of the control block CNT of the node N de- 
termines that the current switching capability of the in- 
terfaces 11 , 12, 01 , and 02 in the node N Is "PSC + LSC", 
the switching capability of the interfaces 14 and 04 is 
"PSC", and the current switching capability of the inter- 
faces 13 and 03 is "Nothing", and updates/stores the 
current switching capabilities of the interfaces II to 14 
and 01 to 04 in the link state DB BL2. More specifically, 
"PSC + LSC" has been stored till then in the link state 
DB BL2 in the node N as the switching capability of the 
interfaces II to 13 and 01 to 03 in the node M, and 
"PSC " has been stored as the switching capability of 
the interfaces 14 and 04 in the node N. The switching 
capability of the interfaces 13 and 03 is changed from 
"PSC + LSC" to "Nothing". The flooding section BL1 of 
the node N advertises to the remaining nodes L and M 
the current switching capabilities of the interfaces II to 
14 and 01 to 04, which are updated/stored in the link 
state DB BL2, together with the unique information (e. 
g., IP addresses) of the interfaces. 
[0139] Accordingly, the link state information in each 
of the nodes L, M, and N is rewritten. In the link state 
information, the switching capability of the interfaces 01 
and 02 of the node L and that of the interfaces 11 , 13, 
and 03 of the node M are "PSC" corresponding to the 
current state. In addition, the switching capability of the 
interfaces 13 and 03 of the node N is "Nothing" corre- 
sponding to the cun-ent state. Hence, none of problems 
that no appropriate path can be selected in calculating 
a route or no appropriate optical path can be set in set- 
ting an optical path occurs. 

[01 40] In the above-described examples, when an in- 


terface has no switching capability, "Nothing" represent- 
ing this state is advertised to the remaining nodes as the 
switching capability. However, the information repre- 
senting "Nothing" need not always be advertised. For 

s example, when the switching capability of an interface 
in a given node is to be advertised, that node may refrain 
from advertising the switching capability and unique in- 
formation (e.g., IP address) for only interfaces having 
no switching capability. In either case, it is guaranteed 

10 to prevent any situation wherein all the interfaces are 
set as "Nothing", and no RA can be ensured between 
adjacent nodes, as described above. In the above-de- 
scribed examples, even the unchanged switching capa- 
bility of an interface is advertised to the remaining 

15 nodes. However, only the changed switching capability 
of an interface may be advertised to the remaining 
nodes. That is, the unchanged switching capability of an 
interface is kept unchanged. Only the changed switch- 
ing capability of an interface may be updated/stored in 

20 the node and advertised to the remaining nodes. 

[Problem © of Example In Fig. 44] 

[0141] In the example shown in Fig. 44, the output 

25 ports Pouti and Pout2 of the IP switching block L1 in 
the node L are used by optical paths #1 and #2. The 
input ports Pini and Pin2 of the IP switching block Ml 
in the node M are used by optical paths #1 and #2. For 
these reasons, the interface 02 of the node L cannot be 

30 connected to the IP switching block LI , and the interface 
12 of the node M cannot be connected to the IP switching 
block Ml . In this case, the interface 02 of the node L 
and the Interface 12 of the node M are "PSC + LSC". 
Actually, the switching capability "PSC" is not present. 

35 Only the switching capability "LSC" remains. In the rout- 
ing protocol, however, the switching capability of the in- 
terface 02 of the node L and the Interface 12 of the node 
M are advertised to the remaining nodes in the commu- 
nication network as "PSC + LSC". When the nodes L, 

40 M, and N execute, on the basis of the information, cal- 
culation or the like to set an optical path, optical path 
setting becomes impossible because it Is determined for 
the nodes L and M that an optical path can be set, al- 
though no optical path can be set for the node L serving 

45 as a source node and no optical path can be set for the 
node M serving as a destination node. 

[Problem (D of Example in Fig. 44] 

50 [0142] When optical path #1 is set, the switching ca- 
pability of the interface 01 of the node L changes to 
"PSC". When optical path #1 is canceled, the switching 
capability returns to "PSC + LSC". However, while opti- 
cal path #1 is set, the switching capability of the interface 

55 01 of the node L is only "PSC". Hence, the remaining 
nodes M and N do not know that the switching capability 
can actually be "PSC + LSC". The nodes M and N Inter- 
pret the interface as an ordinary Interface connected to 
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the IP switching block and execute traffic engineenng 
such as route calculation. In another example, when op- 
tical path #3 is set, the switching capability of the inter- 
faces 13 and 03 of the node N changes to "Nothing". 
When optical path #3 is canceled, the switching capa- 
bility returns to °PSC + LSC". However, while optical 
path #3 is set, the switching capability of the interfaces 
13 and 03 of the node N is "Nothing". Hence, the remain- 
ing nodes L and M do not l<now that the switching capa- 
bility can actually be "PSC + LSC". The nodes L and M 
interpret that the node N has no switching capability of 
interfaces and execute traffic engineering such as route 
calculation. As described above, in the example shown 
in Fig. 44, when optical paths are to be rearranged, or 
optical paths with different priorities should be set, the 
actual switching capability information is not advertised. 
Hence, the resource cannot be efficiently used. 

[Solution to Problem ® of Example In Fig. 44] 

[0143] A solution to problem © in Fig. 44 will be de- 
scribed with reference to Fig. 45. In the example shown 
in Fig. 44, it is determined that the switching capability 
of an interface that is not related to optical path setting 
is kept unchanged. However, since the output ports 
Pouti and Pout2 of the IP switching blocl< LI are used 
by optical paths #1 and #2, the interface 02 of the node 
L and the interface 12 of the node M have no capability 
"PSC". Hence, as in the example shown in Fig. 45, for 
the interface 02 of the node L and the interface 12 of the 
node M, their switching capability is advertised as 
"LSC". 

[0144] In the example shown in Fig. 46, optical path 
#2 is not terminated at the IP switching block Ml of the 
node M but relayed by the interfaces 13 and 03 of the 
optical switching block M2 of the node M and the inter- 
faces 13 and 03 of the optical switching block N2 of the 
node N. In this case, since the output ports Poutt and 
Pout2 of the I P switching block LI of the node L are used 
by optical paths #1 and #2, the Interface 02 of the node 
L has no switching capability "PSC". The interface 12 of 
the node M has the switching capability "PSC" because 
the input port Pin2 of the IP switching block M1 of the 
node M is not used. Hence, in this path setting, the 
switching capability of the interface 02 of the node L Is 
advertised as "LSC", and the switching capability of the 
interface 12 of the node M is advertised as "PSC + LSC". 
[0145] In the example shown in Fig. 47, optical path 
#4 is newly set in addition to optical paths #1 , #2, and 
#2 shown in Fig. 45. More specifically, optical path #4 is 
newly set from the output port Pout2 of the IP switching 
block M1 of the node M to the interface 11 of the optical 
switching block N2 of the node N through the interface 
01 of the optical switching block M2 of the node M and 
then to the input port Pin2 of the IP switching block N1 
of the node N. The example shown In Fig. 47 is different 
from that shown in Fig. 45 in that the switching capability 
of the Interfaces 01 of the node M and the interface 11 


of the node N Is advertised as "PSC", and the switching 
capability of the interface 02 of the node M is advertised 
as "LSC". The switching capability of the Interface 02 
of the node M is advertised as "LSC" because the output 
s ports Pouti and Pout2 of the IP switching block Ml of 
the node M are unusable. 

[0146] Fig. 48 shows an example of advertisement In- 
formation of the interfaces 01 and 02 of the node M, 
which are advertised as "PSC" and "LSC", respectively. 

10 For example, information advertised from "interface 01 " 
contains a start node Identification number "node M" 
representing that an optical path reaches the node N2 
through the interface 01 , a start interface identification 
number "Interface 01", a terminal node Identification 

'5 number "node N°, cost information, and information ex- 
plicitly representing that the start Interface 01 Is "PSC". 
Such pieces of information are stored in a message 
called Opaque LSA when they are advertised by, e.g., 
OSPF protocol. 

20 

[Solution to Problem © of Example in Fig. 44] 

[0147] A solution to problem © in Fig. 44 will be de- 
scribed with reference to Fig. 49. In the example shown 

25 In Fig. 44, for example, the switching capability monitor 
section BL5 of the control block CNT of the node L de- 
termines that the current switching capability of the In- 
terfaces 11 , 12, 13, and 02 In the node L Is "PSC + LSC" 
and the current switching capability of the interfaces 01 

30 and 03 is "PSC", and updates/stores the current switch- 
ing capabilities of these Interfaces II to 13 and 01 to 03 
in the link state DB BL2. The flooding section BL1 of the 
node L advertises the current switching capabilities of 
the Interfaces 11 to 13 and 01 to 03, which are updated/ 

35 stored In the link state DB BL2, to the remaining nodes 
M and N together with the unique information of the in- 
terfaces. 

[0148] Instead, in the example shown in Fig. 49, the 
switching capability monitor section BL5 of the control 

40 block CNT of the node L determines that the current 
switching capability of the interfaces II , 12, 13 in the node 
L is "PSC + LSC (D: Dynamic)", the current switching 
capability of the interfaces 01 and 03 is "PSC (D)" and 
the current switching capability of the interface 02 is 

45 "LSC (D)". The current switching capabilities (dynamic 
switching capabilities) of these interfaces II to 13 and 
01 to 03 and the switching capability (static switching 
capabilities) "PSC + LSC (S: Static)" unique to the inter- 
faces II to 13 and 01 to 03 are paired, updated/stored 

50 in the link state DB BL2, and advertised to the remaining 
nodes M and N. Even in each of the nodes M and N, the 
dynamic and static switching capabilities of the Interfac- 
es in the node are paired, updated/stored, and adver- 
tised to the remaining nodes. Accordingly, the actual 

55 switching capabilities are advertised. When optical 
paths are to be rearranged, or optical paths with different 
priorities should be set, the resource can be efficiently 
used. 
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[01 49] Fig. 50 shows an example of advertisement in- 
formation of tlie interfaces 02 and 03 of tine node L, 
whicli are advertised as "LSC (D)" and "PSC (D)", re- 
spectively. For example, information advertised from 
"Interface 02" contains a start node identification 
number "node L" representing that an optical path 
reaches the node M through the interface 02 of the node 
L, a start interface identification number "interface 02", 
a terminal node identification number "node M", cost In- 
formation, and information explicitly representing that 
the start interface 02 has the switching capability "LSC 
(D)" and unique switching capability "PSC + LSC (D)". 
Such pieces of information are stored In a message 
called Opaque LSA when they are advertised by, e.g., 
OSPF protocol. 

[0150] Even the example shown in Fig. 43 has the 
same problem © as in the example shown in Fig. 44. 
Fig. 51 shows a resolution to the problem. In the exam- 
ple shown in Fig, 51, the switching capability monitor 
section BL5 of the control block CNT of the node J de- 
termines that the current switching capability of the in- 
terfaces II and 02 in the node L are "LSC (D)" and the 
current switching capability of the interfaces 12 and 01 
Is "Nothing". The current switching capabilities of these 
Interfaces II , 12, 01 , and 02 and the unique switching 
capability "LSC (D)" of the interfaces 11 , 12, 01 , and 02 
are paired, updated/stored in the link state DB BL2 and 
advertised to the remaining nodes M and N. 

(13th Embodiment) 

[0151] Fig. 52 shows an arrangement of a packet 
switch/optical switch integral control apparatus (node) 
201 (modification of the control block CNT shown In Fig. 
42) according to the present invention. As shown in Fig. 
52, the packet switch/optical switch integral control ap- 
paratus 201 of the present invention comprises a flood- 
ing section 210, link state DB 211, extended link state 
DB 212, switching capability monitor section 213, route 
calculation section 214, next hop DB215, and path set- 
ting section 216. 

[01 52] The flooding section 21 0 is a functional section 
which notifies link state Information collected from the 
node of its own and the remaining nodes of an adjacent 
node. The link state DB 211 and extended link state DB 
212 are databases which hold link information collected 
from the remaining nodes. The link state DB 211 stores 
optical path link state information. The extended link 
state DB 212 stores fiber link state information. 
[0153] Detailed example of optical path link state in- 
formation stored in the link state DB 211 are available 
information and cost Information of an optical path link 
which connects two packet cell switches (PSC) and ac- 
commodated in a fiber link. As the cost of the optical 
path link, the reciprocal of the transport rate of the opti- 
cal path or the product of the total cost of fiber links which 
accommodate the optical path and a predetennlned 
constant is assigned. On the other hand, detailed exam- 


42 

pies of fiber link state information are available informa- 
tion and cost information of a fiber link which connects 
two optical switches. As the cost of the fiber link, the 
distance between fibers, the reciprocal of the capacity 
5 of the fiber link (the reciprocal of the number of optical 
paths which can be accommodated), or an expense re- 
quired for actual construction is assigned. 
[01 54] The switching capability monitor section 21 3 is 
a functional section which monitors the switch state of 
10 the node of its own. That is, the switching capability 
monitor section 213 has a function of setting, for the 
SWs of the node of its own, a logic electric path to PSC 
and an optical path to LSC and also grasps the residual 
resources of the SWs and advertising them to the re- 
's maining nodes. For example, when an SW of the node 
of its own has not only a function of transporting an op- 
tical path to the remaining nodes using LSC but also a 
function of terminating the optical path by PSC of the 
node of its own and transporting the optical path to the 
20 remaining nodes for each packet, the total number of 
the IFs and the number of unused IFs are advertised to 
the remaining nodes. The route calculation section 214 
calculates the transport route of an optical label switch 
path (OLSP: optical path as shown In Fig. 67) to be set 
25 from the link state DB 21 1 and a label switch path (LSP: 
logic path as shown In Fig. 67) switched by PSC or a 
packet. 

[0155] The next hop DB 21 5 stores the result of route 
calculation. The next hop DB 21 5 stores information rep- 

30 resenting an IF to which a packet or optical path should 
be transported (for which an optical path should be set 
to transport a packet) to reach each node. The path set- 
ting section 216 transmits to a downstream node path 
information obtained by the route calculation section 

35 214 and stored in the next hop DB 21 5. The path setting 
section 216 also receives path information from an up- 
stream node and stores the information in the next hop 
DB215. 

[0156] The packet switch/optical switch integral con- 

*o trol apparatus 201 according to this embodiment of the 
present invention uses the OSPF protocol [reference: 
IETF RFC1 131 /1 247/1 573] as a function of collecting 
the state information (above-described optical path link 
state information) of a packet/cell transport network Im- 

45 piemented by the packet cell switch (PSC) and optical 
path link and the state information (above-described fib- 
er link state information) of an optical path network im- 
plemented by the optical switch (LSC) and fiber link. As 
shown in Fig. 53, this protocol causes each packet 

50 switch/optical switch integral control apparatus 201 to 
advertise, to the packet switch/optical switch integral 
control apparatus 201 of each of the remaining nodes, 
the optical path link state information (packet cell trans- 
port network state information) connected to the packet 

55 cell switch (PSC) of the node of its own and fiber link 
state information (optical path network state Informa- 
tion) connected to the optical switch (LSC) of the node 
of its own. Simultaneously, optical path link state infor- 
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mation and fiber link state information advertised from 
the remaining nodes are coliected. 
[0157] As sliown in Fig. 53, the above-described op- 
tical path link state information is stored in the Router 
LSA packet of the OSPF protocol and exchanged be- 
tween the nodes. The data received by each node is 
stored in the link state DB 21 1 (packet NW-DB). For the 
information stored in the link state DB 211, synchroni- 
zation with the link state DB stored in the conventional 
IP switching block connected to the packet switch/opti- 
cal switch integral node is possible. 
[0158] On the other hand, as shown in Fig. 53, the 
above-described fiber link state information is ex- 
changed by an Opaque LSA packet [reference: IETF 
2370] of the OSPF protocol. The data received by each 
node Is stored In the extended link state DB 21 2 (optical 
NW-DB). 

[0159] According to this embodiment, each fiber link 
state information stored in the extended link state DB 
212 holds data which suggests a wavelength band us- 
able on each fiber link route. Accordingly, as shown in 
Fig. 54, in optical-path routing calculation, fiber links 
having no unused wavelengths can be excluded In ad- 
vance before route calculation. In addition, when a route 
Is to be calculated for new optical path setting, the use 
band of each fiber link can also be designated. Hence, 
in settling a new optical path, operation of confirming the 
usable band necessary for each fiber link can be omit- 
ted. Furthermore, since the wavelength from the start 
node to the terminal node can be designated in ad- 
vance, any route which requires wavelength conversion 
from, e.g., ^1 to X3 at a halfway node can be avoided. 
Hence, the number of wavelength converters necessary 
for each LSO can be reduced. 

(1 4th Embodiment) 

[0160] Fig. 55 shows another arrangement of the 
packet switch/optical switch integral control apparatus 
201 according to the present invention. In this embodi- 
ment, in addition to the arrangement of the 1 3th embod- 
iment, the function of a route calculation section 214 
which accesses both a link state DB 211 and an extend- 
ed link state DB 212 is expanded. According to this em- 
bodiment, the route calculation section 214 has a mul- 
tiplication functional section 240 which multiplies the 
cost of an optical path link, which is managed by the link 
state DB 211 , by a weight coefficient (31 , and a multipli- 
cation functional section 241 which multiplies the cost 
of a fiber link, which is managed by the extended link 
state DB 21 2, by a weight coefficient P2. A minimum cost 
route calculation section 242 which calculates a route 
at a minimum cost calculates a route of packet cells and 
optical paths which accommodate the cells on the basis 
of the output results from the multiplication functional 
section 240 and multiplication functional section 241 . 
The minimum cost route calculation section 242 has a 
function of searching for a route with a minimum cost 


between the packet switch/optical switch integral control 
apparatuses 201 and IP switching blocks (packet cell 
switches) connected to the packet switch/optical switch 
Integral control apparatuses by the Dijkstra method. 

5 [0161] According to this embodiment, the cost infor- 
mation of an optical path link, which is managed by the 
link state DB 211 , is multiplied by the weight coefficient 
pi , and the cost information of a fiber link, which is man- 
aged by the extended link state DB 21 2, is multiplied by 

'0 the weight coefficient |32. With this processing function, 
the packet cell transport network and optical path net- 
work, which are conventionally separately managed, 
can be integrated into a photonic-IP network for routing. 
[01 62] Fig. 56 shows route calculation processing im- 

15 plemented by this embodiment. As shown in Fig. 56, the 
minimum cost route calculation section 242 multiples 
the cost information of an optical path link, which is man- 
aged by the link state DB 211 , by the weight coefficient 
P1 and the cost information of a fiber link, which is man- 

20 aged by the extended link state DB 212, by the weight 
coefficient p2. The minimum cost route calculation sec- 
tion 242 searches for a route at a minimum cost using 
the multiplication results. In this example, a value of 
"103 X D" Is used as the weight coefficient pi, and a 

25 value of °1 " to °1 0" is used as the weight coefficient p2. 
This is because the dimensions of the two pieces of cost 
information must coincide with each other because the 
cost of the optical path link, which is to be multiplied by 
the weight coefficient p1 , is defined in a form of 1 0^/Bw 

30 (a product of the reciprocal of a bandwidth Bw and 1 0^) 
in association with the bandwidth Bw (bit/s) of the optical 
path link, and the cost of the fiber link, which is to be 
multiplied by the weight coefficient p2, is defined in a 
form of a distance D (km) of the fiber link. 

35 [0163] Figs. 57 to 59 show examples of link states and 
cost infonnation, which are obtained when the pieces of 
cost information are set in the above forms. For exam- 
ple, as shown in the state table in Fig. 58, attribute in- 
formation PSC, i.e., optical paths set between PSCs are 

40 already registered between lF-1 and Node 2 and be- 
tween lF-1 and Node 3. The costs for them are inter- 
preted as x*pi (*: multiply) and (x + y)*p1 . In this case, 
the distances between the fiber links are input to x and 
y. For a fiber link having a band where no optical path 

45 is set, for example, link Information with a cost y*p2 is 
present between IF-3 and IF-4. "P=2" in Fig. 58 indi- 
cates that the number of available packet cell switches 
(PSC) is 2. "L=2" indicates that the number of available 
optical switches (LSC) is 2. On the other hand, as shown 

50 in the capability table in Fig. 59, each node also adver- 
tises the number of resources of LSC-IFs and PSC-IFs 
held by that node. 

[0164] It is determined on the basis of these data 
whether it is more advantageous in terms of cost to pass 
55 through an existing optical path link or set a new optical 
path through a fiber link. The next hop DB 215 is gen- 
erated on the basis of the calculation results. Next hop 
information representing an output IF to which a packet 
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or optical path should be transported to reach the final 
destination is registered. A packet or optical path is ac- 
tually transported by searching the next hop DB 215 
which stores the terminal node ID of the traffic. The traf- 
fic input to the packet switch/optical switch integral con- 
trol apparatus 1 Is transported to the IF for which the 
terminal node ID of the traffic is registered. 
[0165] Figs. 60 and 61 show the series of operations. 
Assume that an instruction is issued from Node #1 such 
that a logic path called a label switch path (LSP) should 
be set between the PSCs of Node # to Node #5. An LSP 
is a virtual path which Is assigned to a specific flow of 
IP packets. As a result of route searching described 
above, the LSP Is stored In an existing optical path link 
In the section from Node #1 to Node #2. In the section 
from Node #2 to Node #4, a new optical path link is set 
using an available wavelength band of the fiber link, and 
the LSP is accommodated in the optical path link. The 
LSP is stored in an existing optical path link in the sec- 
tion from Node #4 to Node #5. 
[0166] Fig. 61 shows the sequence of a control signal 
for the operation. IVIore specifically, in executing the op- 
eration, in the section from Node #1 to Node #2, an LSP 
band is temporarily reserved using the residual band of 
an existing optical path link (step 8201). Then, in the 
section from Node #2 to Node #4, an optical path is tem- 
porarily reserved using the residual band of a fiber link 
(steps 8202 and 8203). When temporary reservation of 
the optical path link is implemented up to Node #4, an 
optical path is ensured from Node #4 to Node #2 (step 

5204) . An LSP band from Node #2 to Node #4 is tem- 
porarily reserved using the band of the optical path (step 

5205) . In addition, an LSP band from Node #4 to Node 
#5 Is temporarily reserved using the existing optical path 
link (step S206). When temporary reservation of the 
LSP band up to Node #5 is confirmed (step 8207), the 
temporary reservation band of the LSP set by the series 
of processes is ensured from Node #5 to Node #1 (steps 
8208 to 8210). With this processing, integral and quick 
communication traffic transport can be implemented be- 
tween networks of different layers, such as a packet cell 
transport network and an optical path network. Accord- 
ing to this arrangement, not only IP packet transport but 
also newly setting or delete of an optical path and routing 
can also be integrally Implemented in accordance with 
a change In state of traffic or network. 

(Modification to 14th Embodiment) 

[0167] A modification of the packet switch/optical 
switch integral control apparatus 201 according to the 
present invention will be described next. In this modifi- 
cation, as in the 13th embodiment, when a minimum 
cost route considering both the cost of an optical path 
link and the cost of a fiber link is to be referred to, the 
cost of the optical path link Is multiplied by a weight co- 
efficient pi , and the cost of the fiber link is multiplied by 
a weight coefficient P2. A value of "1 " Is used as the 
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weight coefficient pi , and a value of "(1 to 10) x Bq y^/ 
1 0^" is used as the weight coefficient P2. This is because 
the dimensions of the two pieces of cost information 
must coincide with each other because the cost of the 

5 optical path link, which Is to be multiplied by the weight 
coefficient pi , Is defined In a form of 1 D^/Bw (a product 
of the reciprocal of a bandwidth Bw and 1 0^) in associ- 
ation with the bandwidth Bw (bit/s) of the optical path 
link, and the cost of the fiber link, which is to be multiplied 

'0 by the weight coefficient p2, is defined in a form of a 
bandwidth Bq \^ of the fiber link. 
[0168] The values of the weight coefficients P1 andp2 
may be changed In accordance with the traffic state of 
the entire network. For example, when LSC layer has a 

'5 sufficient available wavelength band, the weight coeffi- 
cients pi and P2 may be set such that 

(P1 X optical path link cost) > (P2 x fiber link cost) 

20 

is satisfied, and a new optical path can easily be set. To 
the contrary, if the LSC layer has no sufficient available 
wavelength band, the weight coefficients pi and P2 may 
be set such that 

25 

(P1 X optical path link cost) < (p2 x fiber link cost) 

is satisfied, and a new optical path can hardly be set. 
30 That Is, a new optical path can be set in accordance with 
the state of the network. The weight coefficients pi and 
P2 may be changed in accordance with, e.g., the priority 
class of the logic path to be accommodated. 

35 (15th Embodiment) 

[0169] Fig. 62 shows the arrangement of a packet 
switch/optical switch integral control apparatus 1 ac- 
cording to the present invention. In this embodiment, as 

40 in the 14th embodiment, when a minimum cost route 
considering both the cost of an optical path link and the 
cost of a fiber link is to be referred to, the cost of the 
optical path link, which Is managed by a link state DB 
21 1 , Is multiplied by a weight coefficient pi , and the cost 

4S of the fiber link, which is managed by an extended link 
state DB 212, Is multiplied by a weight coefficient p2. In 
addition, the cost of a packet cell switch, which is man- 
aged by the link state DB 21 1 , is multiplied by a weight 
coefficient yl, and the cost of an optical switch, which is 

50 managed by the extended link state DB 212, is multi- 
plied by a weight coefficient 72. More specifically, ac- 
cording to this embodiment, a route calculatton section 
214 has a multiplication functional section 243 which 
multiples the cost of an optical path link by the weight 

55 coefficient P1 and the cost of a packet cell switch by the 
weight coefficient y^ and a multiplication functional sec- 
tion 244 which multiples the cost of a fiber link by the 
weight coefficient P2 and the cost of an optical switch 
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by the weight coefficient 72. A minimum cost route cal- 
culation section 242 calculates the route of packet cells 
and optical paths which accommodates the paclcet cells 
on the basis of the output results. As the values of the 
weight coefficients yl and y2, values from 1 to 10 are 
often used. The weight coefficients yl and 72 are used 
to give a cost ratio of a paci<et cell switch to an optical 
switch. 

[0170] When the vaiues of the weight coefficients yl 
and y2 are changed, the ease of new optical path setting 
can be changed in consideration of the node state (the 
state of a pacl<et celi switch or the state of an optical 
switch). For example, when the LSC has a sufficient ca- 
pability, the values of the weight coefficients yl and y2 
can be changed such that an optical path can newly be 
set. To the contrary, when the most part of the capability 
of the LSC and, more particularly, the wavelength con- 
version capability is consumed, the values of the weight 
coefficients yl and y2 can be changed such that an op- 
tical path can hardly be set. That is, a new optical path 
can be set in accordance with the load state of each 
PSC/LSC. The weight coefficients yl and y2 may be 
changed in accordance with, e.g., the priority class of 
the logic path to be accommodated. 

(16th Embodiment) 

[0171] Fig. 63 shows the arrangement of a packet 
switch/optical switch integral control apparatus 1 ac- 
cording to the present invention. In this embodiment, the 
packet switch/optical switch integral control apparatus 
1 has a traffic information collecting section 21 7 and the 
output from the traffic information collecting section 217 
is input to multiplication functional sections 243 and 244 
of a route calculation section 21 4. The traffic infomiation 
collecting section 217 has a function of collecting the 
traffic state of each node. The traffic information collect- 
ing section 217 grasps the traffic situation of the node 
of its own or the entire network, thereby weighting the 
cost of an existing optical path link and the cost of a fiber 
link or changing the weight of the packet ceil switch cost 
and optical switch cost. 

[01 72] The packet cell switch cost is managed by the 
link state DB 21 1 , and the optical switch cost is managed 
by the extended link state DB 212. For example, when 
the packet traffic volume is very small, the fiber link cost 
or optical switch cost is reduced. The values satisfying 

P1 =1, P2 = 0.1 X Bovv/10^,y1 =1,y2 = 0 

are set such that a new optical path can easily be set. 
When the packet traffic volume is large, the fiber link 
cost or optical switch cost is increased. The values sat- 
isfying 

pi =1, P2 = 10 X Bo_w/10^ Y1 =1,y2=2 


are set such that a new optical path can hardly be set. 
As described above, according to this embodiment, the 
optical path use method can be changed in accordance 
with the network state. 

5 [0173] As is apparentfrom the above description, ac- 
cording to the present invention, the current switching 
capability of each interface in a node is determined on 
the basis of the utilization of the resource in that node. 
The current switching capability of the interface is up- 

'0 dated/stored in the node and also advertised to the re- 
maining nodes. Hence, the switching capability of each 
interface, on which the utilization of the resource of each 
node is reflected, can be advertised, and more accurate 
route calculation and path setting can be performed. In 

IS addition, when the dynamic switching capability and 
static switching capability are advertised, the resource 
can be efficiently used in rearranging optical paths or 
setting optical paths with different priorities. Further- 
more, optical paths can be set or deleted in accordance 

20 with a variation in traffic demand. Hence, optical path 
setting in the entire network and optimization of logic 
paths which accommodate the optical paths can be dy- 
namically done. As a result, the service accommodation 
efficiency in the entire network can be increased. 

25 [0174] Figs. 64 and 65 show examples of effects of 
the present invention. Fig. 64 shows an example of a 
network to be analyzed. Fig. 65 shows the relationship 
between the NW throughput and the number of network 
elements of an NWfor each of the prior art (the switching 

30 capability of each node is not transmitted, and a fixed 
optical path is set in accordance with generation of an 
IP traffic between nodes) and the present invention (the 
switching capability of each node is transmitted and 
grasped, and optical path setting is determined). In the 

35 present invention, a high NW throughput can be ob- 
tained. According to the present invention, since the de- 
gree of cooperation between the IP layer and the optical 
layer increases, a high-capacity communication service 
with an excellent fault resistance can be provided. 

40 [0175] The representative embodiments of the 
present invention have been described above. Howev- 
er, the present invention is not limited to the above em- 
bodiments, and various changes and modifications can 
be made within the spirit and scope of the present in- 

45 vention. 


Claims 

50 1. An optical network characterized by comprising: 

a plurality of links which transmit a plurality of 
signal light components having different wave- 
lengths; and 

55 a plurality of nodes which are connected to 

each other through said links and perform 
switching of an optical path specified by said 
link and the wavelength of the transmission sig- 
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nal light, 

wherein each of said nodes (10) comprises 

control means (1 1 ) for setting the optical path 
to be used for optical transport, and 

switching means (12) for performing switch- 
ing of the optical path set by said control means, and 

said control means comprises 

linl< observation means (13) for observing a 
wavelength of signal light that is being transmitted 
through a Iinl< connected to said node as a utilization 
of said link, 

Information exchange means (14) for notify- 
ing each of said remaining nodes of the link utiliza- 
tion observed by said link observation means and 
acquiring a link utilization observed by each of said 
remaining nodes so as to share the link utilization 
between said nodes, 

optical path selection means (1 7) for selecting 
the optical path to be used for optical transport by 
calculation using the link utilization observed by 
said link observation means and the link utilization 
observed by each of said remaining nodes, and 

optical path setting means (1 8) for setting the 
optical path selected by said optical path setting 
means as the optical path to be used for optical 
transport. 

A network according to claim 1, wherein 

one of said nodes has a wavelength converter 
(51) which converts a wavelength of input signal 
light input through said link, 

a control section of said node having said 
wavelength converter has a monitor section (53) 
which monitors a utilization of said wavelength con- 
verter, which represents a wavelength convertible 
from each wavelength of input signal light, and 

said information exchange means notifies 
each of said remaining nodes of the utilization of 
said wavelength converter, which is observed by 
said monitor section, and acquires a utilization of 
said wavelength converter, which is observed by 
each of said remaining nodes, so as to share the 
utilization of said wavelength converter between 
said nodes. 

A network according to claim 2, wherein a regener- 
ation, reshaping and retiming device which regen- 
erates a signal waveform of the input signal light in- 
put from said link is used as said wavelength con- 
verter. 

A network according to claim 2, wherein information 
obtained by said monitor section Is formed from a 
bitmap representing the utilization of said wave- 
length converter, which represents the wavelength 
convertible from each wavelength of the input signal 
light. 


5. A network according to claim 2, wherein information 
obtained by said monitor section is formed from a 
cost value corresponding to each conversion wave- 
length for each wavelength of the input signal light. 

6. A network according to claim 5, wherein the Infor- 
mation obtained by said monitor section Is fonned 
from a statistic value of the cost value for each 
wavelength of the input signal light. 

7. A network according to claim 5, wherein a value 
which becomes small as the number of unused 
wavelength converters or the number of available 
wavelengths becomes large is used as the cost val- 


8. A network according to claim 7, wherein said optical 
path selection means integrates a cost necessary 
for use of said wavelength converter of each node 
and use costs of said links which connect said 
nodes for all route candidates settable between a 
source node and a destination node and selects a 
route representing a minimum cost value as the op- 
tical path to be used for optical transport. 

9. A network according to claim 2, wherein said infor- 
mation exchange means determines on the basis 
of a result of comparison between the utilization of 
said wavelength converter, which is obtained by 
said monitor section of said node, and a predeter- 
mined reference value whether notification of the 
utilization is necessary. 

10. A network according to claim 9, wherein said Infor- 
mation exchange means notifies a difference from 
a utilization at a preceding notification time as the 
utilization of said wavelength converter. 

11. A network according to claim 2, wherein 

said control means (140) further comprises 

means for defining a degradation parameter 
of transmission signal light for each link accommo- 
dated in each node, 

said information exchange means advertises 
the degradation parameter of the transmission sig- 
nal light in a predetermined link section to each of 
said remaining nodes and receives the degradation 
parameter of the transmission signal light in the link 
section, which is advertised by each of said remain- 
ing nodes, and 

said optical path selection means selects the 
optical path to be used for optical transport on the 
basis of the degradation parameter of the transmis- 
sion signal light in the link section. 

12. A network according to claim 11, wherein the deg- 
radation parameter is defined In correspondence 
with each wavelength band in each link section. 
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13. A network according to claim 11 , wherein the deg- 
radation parameter includes an amount of increase 
in spontaneous emission noise in the llnl< section. 

14. A network according to claim 11 , wherein the deg- 
radation parameter includes a degradation in sig- 
nal-to-noise ratio in the link section. 

15. A network according to claim 11 , wherein the deg- 
radation parameter includes a degradation in signal 
light waveform in the link section. 

16. A network according to claim 11 , wherein the deg- 
radation parameter includes distance information of 
the link section. 

17. A network according to claim 1, wherein said link 
observation means outputs information represent- 
ing whether the wavelength of the signal light trans- 
mitted through said link is currently used or unused. 

18. A network according to claim 17, wherein said link 
observation means outputs the information in a bit- 
map format. 

19. A network according to claim 17, wherein said link 
observation means outputs, as the information, a 
number of a currently used wavelength in the wave- 
lengths of the signal light transmitted through said 

link, 

20. A network according to claim 17, wherein said link 
observation means outputs, as the information, a 
number of a currently unused wavelength in the 
wavelengths of the signal light transmitted through 
said link. 

21. A network according to claim 1, wherein said link 
observation means outputs Information represent- 
ing the number of wavelengths in the wavelengths 
of the signal light transmitted through said link, for 
which a new optical path can be set. 

22. A network according to claim 21 , wherein said link 
observation means outputs, as the information, the 
number of currently unused wavelengths in the 
wavelengths of the signal light transmitted through 
said link. 

23. A network according to claim 21 , wherein said link 
observation means outputs, as the information, the 
number of currently used wavelengths in the wave- 
lengths of the signal light transmitted through said 
link. 

24. A network according to claim 1 , wherein said link 
observation means outputs information represent- 
ing a probability of use of a wavelength of the signal 


light transmitted through said link per unit time. 

25. A network according to claim 1, wherein said link 
observation means outputs information represent- 

5 Ing a value obtained by averaging probabilities of 
use of all wavelengths of the signal light transmitted 
through said link per unit time. 

26. A network according to claim 1, wherein said link 
10 observation means outputs Information represent- 
ing a value obtained by adding probabilities of use 
of all wavelengths of the signal light transmitted 
through said link per unit time. 

'5 27. An optical cross-connect apparatus characterized 

by comprising: 


control means for setting an optical path spec- 
ified by a link which transmits a plurality of sig- 
20 nal light components having different wave- 

lengths and the wavelength of the transmission 
signal light; and 

switching means for performing switching of the 
optical path set by said control means, 

25 

wherein said control means comprises 
link observation means for observing a wave- 
length of signal light that Is being transmitted 
through a link connected to said cross-connect ap- 
30 paratus as a utilization of said link, 

information exchange means for notifying 
each of said remaining nodes of the link utilization 
observed by said link observation means and ac- 
quiring a link utilization observed by each of said 
35 remaining nodes so as to share the link utilization 
between nodes In an optical network to which said 
cross-connect apparatus is connected, 

optical path selection means for selecting an 
optical path to be used for optical transport by cal- 
40 culation using the link utilization observed by said 
link observation means and the link utilization ob- 
served by each of said remaining nodes, and 

optical path setting means for setting the op- 
tical path selected by said optical path setting 
45 means to an optical path to be used for optical trans- 
port. 

28. An apparatus according to claim 27, wherein 

said apparatus further comprises a wave- 
so length converter which converts a wavelength of in- 
put signal light input through said link, 

said control section has a monitor section (53) 
which monitors a utilization of said wavelength con- 
verter, which represents a wavelength convertible 
ss from each wavelength of input signal light, and 

said information exchange means notifies 
each of said remaining nodes of the utilization of 
said wavelength converter, which is observed by 
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53 

said monitor section, and acquires a utilization of 
said wavelength converter, wliicli is observed by 
each of said remaining nodes, so as to share the 
utilization of said wavelength converter between 
said nodes. 

29. An apparatus according to claim 28, wherein a re- 
generation, reshaping and retiming device which 
regenerates a signal waveform of the input signal 
light input from said linl< is used as said wavelength 
converter. 

30. An apparatus according to claim 28, wherein infor- 
mation obtained by said monitor section is formed 
from a bitmap representing the utilization of said 
wavelength converter, which represents the wave- 
length convertible from each wavelength of the in- 
put signal light. 

31. An apparatus according to claim 28, wherein infor- 
mation obtained by said monitor section is formed 
from a cost value corresponding to each conversion 
wavelength for each wavelength of the input signal 
light. 

32. An apparatus according to claim 31 , wherein the in- 
formation obtained by said monitor section is 
formed from a statistic value of the cost value for 
each wavelength of the input signal light. 

33. An apparatus according to claim 31 , wherein a val- 
ue which becomes small as the number of unused 
wavelength converters or the number of available 
wavelengths becomes large is used as the cost val- 


34. An apparatus according to claim 33, wherein said 
optical path selection means integrates a cost nec- 
essary for use of said wavelength converter of each 
node and use costs of said links which connect said 
nodes for all route candidates sellable between a 
source node and a destination node and selects a 
route representing a minimum cost value as the op- 
tical path to be used for optical transport. 

35. An apparatus according to claim 28, wherein said 

information exchange means determines on the ba- 
sis of a result of comparison between the utilization 
of said wavelength converter, which is obtained by 
said monitor section of said cross-connect appara- 
tus, and a predetermined reference value whether 
notification of the utilization is necessary. 

36. An apparatus according to claim 35, wherein said 
information exchange means notifies a difference 
from a utilization at a preceding notification time as 
the utilization of said wavelength converter. 
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37. An apparatus according to claim 28, wherein 

said control means further comprises means 
for defining a degradation parameter of transmis- 
sion signal light for each link accommodated in each 
5 node, 

said information exchange means advertises 
the degradation parameter of the transmission sig- 
nal light in a predetermined link section to each of 
said remaining nodes and receives the degradation 

10 parameter of the transmission signal light in the link 
section, which is advertised by each of said remain- 
ing nodes, and 

said optical path selection means selects the 
optical path to be used for optical transport on the 

is basis of the degradation parameter of the transmis- 
sion signal light in the link section. 

38. An apparatus according to claim 37, wherein the 
degradation parameter is defined in correspond- 

20 ence with each wavelength band in each link sec- 
tion. 

39. An apparatus according to claim 37, wherein the 
degradation parameter includes an amount of in- 

25 crease in spontaneous emission noise in the link 
section. 

40. An apparatus according to claim 37, wherein the 
degradation parameter includes a degradation in 

30 signal-to-noise ratio in the link section. 

41 . An apparatus according to claim 37, wherein the 
degradation parameter includes a degradation in 
signal light waveform in the link section. 

42. An apparatus according to claim 37, wherein the 
degradation parameter includes distance informa- 
tion of the link section. 

40 43. An apparatus according to claim 27, wherein said 
link observation means outputs information repre- 
senting whether the wavelength of the signal light 
transmitted through said link is currently used or un- 
used. 

45 

44. An apparatus according to claim 43, wherein said 

link observation means outputs the information in a 

bitmap format. 

50 45. An apparatus according to claim 43, wherein said 
link observation means outputs, as the information, 
a number of a currently used wavelength in the 
wavelengths of the signal light transmitted through 
said link. 

55 

46. An apparatus according to claim 43, wherein said 
link observation means outputs, as the information, 
a number of a currently unused wavelength in the 
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wavelengths of the signal light transmitted through 
said linl<. 

47. An apparatus according to claim 27, wherein said 
link observation means outputs information repre- 
senting the number of wavelengths in the wave- 
lengths of the signal light transmitted through said 
linl<, for which a new optical path can be set. 

48. An apparatus according to claim 47, wherein said 
link observation means outputs, as the information, 
the number of currently unused wavelengths in the 
wavelengths of the signal light transmitted through 
said link. 

49. An apparatus according to claim 47, wherein said 
link observation means outputs, as the information, 
the number of currently used wavelengths in the 
wavelengths of the signal light transmitted through 
said link. 

50. An apparatus according to claim 27, wherein said 
link observation means outputs information repre- 
senting a probability of use of a wavelength of the 
signal light transmitted through said link per unit 
time. 

51. An apparatus according to claim 27, wherein said 
link observation means outputs information repre- 
senting a value obtained by averaging probabilities 
of use of all wavelengths of the signal light transmit- 
ted through said link per unit time. 

52. An apparatus according to claim 27, wherein said 
link observation means outputs information repre- 
senting a value obtained by adding probabilities of 
use of all wavelengths of the signal light transmitted 
through said link per unit time. 

53. A photonic-IP network having an interface (ND-1) 
which has a switching capability for performing 
switching, for each packet, of a path to be used for 
data communication through an IP network, and an 
interface (ND-2) which has a switching capability for 
performing switching, for each wavelength of trans- 
mission signal light, of a path to be used for data 
communication through an optical network, charac- 
terized by comprising: 

a node (ND) which switching-connects the IP 
network and the optical network, 

wherein said node (ND) comprises 
monitor means (BL5) for monitoring the 
switching capability of each interface in said node 
on the basis of a utilization of a resource in said 
node, 

storage means for updating/storing the 


switching capability obtained by said monitor 
means, and 

switching capability advertising means (BL1) 
for advertising the switching capability to remaining 
5 nodes. 

54. A network according to claim 53, wherein the utili- 
zation of the resource in said node in said switching 
capability advertising means includes a utilization 

'0 of the interface in said node. 

55. A network according to claim 53, wherein the utili- 
zation of the resource in said node in said switching 
capability advertising means includes a utilization 

IS of the interface in said node and a utilization of the 
resource except the interface in said node. 

56. A network according to claim 53, wherein when an 
interface has no switching capability remaining, 

20 said switching capability advertising means up- 
dates/stores in said storage means information rep- 
resenting that no switching capability remains as a 
current switching capability of the interface and ad- 
vertises the information to remaining nodes. 

25 

57. A network according to claim 53, wherein said 
switching capability advertising means advertises 
to remaining nodes a current switching capability of 
the Interface together with unique information of the 

30 interface and, when an interface has no switching 
capability remaining, said switching capability ad- 
vertising means does not advertise the unique in- 
formation of the interface to the remaining nodes. 

35 58. A network according to claim 53, wherein at least 
one control path to be used to exchange information 
of a routing protocol Is ensured between adjacent 
nodes. 


40 59. A network according to claim 53, wherein said 
switching capability advertising means pairs the uti- 
lization of the resource in said node and a switching 
capability unique to said node, updates/stores the 
utilization and switching capability in said storage 

*5 means, and advertises the utilization and switching 
capability to remaining nodes. 

60. A network according to claim 53, wherein when an 
interface has no switching capability remaining, 

so said switching capability advertising means pairs, 
as a current switching capability of the interface, in- 
formation representing that no switching capability 
remains, and a switching capability unique to the 
interface, updates/stores the information and 

55 switching capability in said storage means, and ad- 
vertises the Information and switching capability to 
remaining nodes. 
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61. A node characterized by comprising: 

an interface (ND-2) liaving a switching capabil- 
ity for performing switching, for each wave- 
length of transmission signal light, of a path to 
be used for data communication through an op- 
tical networl<; 

monitor means (BLS) for monitoring the switch- 
ing capability of each interface in said node on 
the basis of a utilization of a resource in said 
node; 

storage means (BL2) for updating/storing the 
switching capability obtained by said monitor 
means; and 

switching capability advertising means (BL1) 
for advertising the switching capability to re- 
maining nodes. 

62. A node according to claim 61 , wherein said switch- 
ing capability advertising means pairs the utilization 
of the resource in said node and a switching capa- 
bility unique to said node, updates/stores the utili- 
zation and switching capability in said storage 
means, and advertises the utilization and switching 
capability to remaining nodes. 

63. A node according to claim 61 , wherein said inter- 
face also has a switching capability for performing 
switching, for each packet, of a path to be used for 
data communication through an IP networi<. 

64. A node according to claim 63, further comprising 

first management means (211) for recogniz- 
ing and managing a network state of a packet or ceil 
transport network formed from a packet or cell 
switch and an optical path on the basis of informa- 
tion related to the switching capability of said inter- 
face, which is advertised from the remaining nodes, 

second management means (212) for recog- 
nizing and managing a network state of an optical 
path network formed from an optical switch and a 
fiber link which accommodates the optical path, and 

determination means (21 4) for receiving state 
information managed by said first management 
means and state information managed by said sec- 
ond management means and determining a route 
through which the packet or cell and the optical path 
are to be transported. 

65. A node according to claim 64, wherein 

said node further comprises multiplication 
means (240, 241 ) for receiving cost information of 
the optical path, which is managed by said first man- 
agement means, multiplying the cost information by 
a weight coefficient pi , receiving cost information 
of the fiber link, which is managed by said second 
management means, and multiplying the cost infor- 
mation by a weight coefficient P2, and 


said determination means receives a multipli- 
cation result from said multiplication means and 
searches for a transport route at a minimum cost, 
thereby detennining the route through which the 
packet or cell and the optical path are to be trans- 
ported. 

66. A node according to claim 65, wherein said node 
further comprises collection means for collecting 
traffic state information of the network, and 

said multiplication means dynamically chang- 
es one or both of the weight coefficients |B1 and P2 
in accordance with the traffic state information. 

67. A node according to claim 64, wherein 

said node further comprises multiplication 
means (243, 244) for receiving cost Information of 
the optical path and cost Information of a packet or 
a cell switching block, which are managed by said 
first management means, multiplying the two piec- 
es of cost information by a weight coefficient (31 and 
a weight coefficient 7I , respectively, receiving cost 
Information of the fiber link and cost information of 
an optical switching block, which are managed by 
said second management means, and multiplying 
the two pieces of cost information by a weight coef- 
ficient P2 and a weight coefficient 72, respectively 
and 

said determination means receives multipli- 
cation results from said multiplication means and 
searches for a transport route at a minimum cost, 
thereby determining the route through which the 
packet or cell and the optical path are to be trans- 
ported. 

68. A node according to claim 67, wherein said multi- 
plication means dynamically changes one or both 
of the weight coefficients y1 and y2 in accordance 
with one or both of state information of the packet/ 
cell switching block, which Is managed by said first 
management means, and state information of the 
optical switching block, which is managed by said 
second management means. 

69. A node according to claim 67, wherein 

said node further comprises collection means 
(217) for collecting traffic state information of the 
network, and 

said multiplication means dynamically chang- 
es some or all of the weight coefficients pi , p2, yl , 
and 72 in accordance with the traffic state informa- 
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